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CHAPTER I

INTRODUCTION

Background

Energy has become one of the most important issues of the world
today. In the past, cheap, abundant energy supplies, particularly elec-
trical energy, have supported the industrial, commercial, and residential
needs of the world. However, recent escalation in electrical energy prices,
the predicted depletion of oil supplies, and environmental difficulties
in using coal as a source of energy for electricity have changed the focus
on electrical energy within the utility industry.

Utilities companies have had to change from proponents of the
growth of use of electricity to leaders in the conservation of electricity.
Historically, in an effort to promote the growth of electricity, large
consumers of electricity were billed on a declining block rate structure.
The declining block rate structure priced increasing blocks of power con-
sumption at decreasing prices. Now, utility companies are proponents of
electrical energy conservation, as indicated by programs such as infrared
photography of residences and low interest loans for insulation of customers'
homes. The pricing policies for electricity have also been changed to
encourage conservation by the large industrial and commercial customers.

On November 9, 1978, President Carter signed into law the Public
Utility Regulatory Policies Act (PURPA) of 1978. “The objectives of this

Act are: (1) to encourage users to conserve electricity and gas,




(2) to promote the efficient use of facilities and resources (capital and

nonrenewable resources) by utilities; and (3) to establish equitable rates

for consumers [9:5]." The rate reforms proposed by PURPA are intended to
reduce demand, change consumption patterns, and revise the allocation of
costs for utilities. Carter administration officials cited the following
problems, which they believed rate reforms would alleviate:

Highly uneven expansion in response to anticipated demands

for electricity had Ted to an increase in plant capacity to meet
peak demands. This results in under-utilized capacity at other
times.

Generating equipment designed specifically for peak loads

is relatively inefficient and usually burns scarce, higher priced
0il or natural gas. Also, such equipment is operated for only
very short periods of time, and capital costs must be amortized
over that limited time. As a result, electricity generated during
peak hours is more costly than electricity generated during off-
peak hours.

Since utility rates are generally not time differentiated, off-

peak users are subsidizing on-peak users [9:5-6].

The PURPA of 1978 rejected mandatory changes in electric utility
retail rates structures called for by the Carter administration, but
includes in Title I of PURPA the premise that rate reforms could help
solve some problems confronting the utilities and their consumers (9:6).

PURPA requires state utility commissions to consider adoption
of specified rate reforms and changes in associated practices in order
to meet one or more of the Act's objectives.

The Public Utility Regulatory Policies Act requires each state
regulatory authority to consider at least once, for each utility for

which it has ratemaking authority, the following by November 1981:

1., Cost of service pricing: Rates should be designed to reflect
the costs of providing service to different customers or classes of
customers. For instance, high volume peak-period users might be
required to pay a higher rate because their demand increases both

o e——r———— A 1
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' capital and operating costs. In order to ascertain the appropriate-
ness of this standard, the special rules detailed in the Act leave
the method to be used for determining cost-of-service to different
classes of customers to the discretion of the states. However, the
method utilized must permit identification of differences in costs
for various classes of customers according to time of day or season.
In addition, in prescribing the method to be used, the state autho-
rity must take into account the extent to which total cost to an

; electric utility is 1ikely to change if: (a) additional capacity

i were added to meet peak demand relative to base demand, and (b) add-
itional kilowatt-hours of electricity were delivered to consumers.

i am

2. Declining block rates: Rate structures which price increasing
blocks of power consumption at decreasing rates are commonly known as
. declining block rates. These rates are to be abolished unless a
utility can demonstrate that the cost of providing service to a
particular class of customers decreases as consumption increases.

3. Time-of-use rates: Rates which reflect the costs of providing
electricity to each class of consumer at different times of the day
are to be adopted, unless the practice is not cost effective. "Cost
effectiveness" is defined by the legislation to mean that long-run
benefits of such rates to the utility and the class of consumers
affected are likely to exceed the metering costs and other costs
associated with the use of such rates.

4. Seasonal rates: These rates reflected the cost of providing
service during different seasons. For instance, in some regions
summer is a peak period due to air conditioning requirements.

5. Interruptible rates: These rates are discount rates for
consumers who are willing to have their service interrupted during
peak hours.

6. Load management techniques: This refers to the use of devices
which store electricity during off-peak hours for use during peak
hours. Such techniques must be cost effective, as defined by the
legislation; that is, (a) they must be likely to reduce maximum
kilowatt demand on the utility; and (b) cost-savings must be likely C

. to exceed long-run costs of implementation [25:6-7]. +

This thesis will deal with the specific case where time-of-use
rates have been implemented by a utility company. Before making a state-
ment of the problem which will be addressed, a typical summertime elec-
trical demand pattern will be described, the structure of electrical utility

rates and time-of-use rates will be explained, and the progress of imple-

menting time-of-use rate schedules will be discussed.

3
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Electrical Demand Pattern

When attempting to conserve a resource it is important to have a
means to identify consumption patterns and measure progress in conservation
efforts. An electrical demand graph provides consumption data for elec-
trical energy consumers. An electrical demand graph shows how many kilo-
watts of electrical energy are being used by an individual or group of
utility company customers. The ideal situation for the utility company
would be for the graph to be a straight horizontal line depicting a con-
stant demand throughout the day. If such a situation existed the utility
company could size its generating capacity exactly to the demand and there
would be a reduced need for reserve capacity to meet unexpected or temporary
electrical loads. With steady demands, equipment utilization rates g?uId
be higher and the economics of electrical generation would be improved (1:1).

Actual electrical demand graphs are characterized by a wavering
line with datly peaks and valleys. For example, the electrical demand on
the bell substation for McClellan AFB, CA, for the week August 13-19, 1979,
is shown in Figure 1. McClellan AFB is an Air Force Logistics Command Base
which performs large-scale maintenance on Air Force Aircraft. The graph
in Figure 1 shows the peak load occurring in the early afternoon. The peak
load is composed of electrical loads from maintenance shops and comfort air
conditioning. Days 18 and 19 show weekend loads when the processing shops
are not operating but peaks still occur due to air conditioning loads. The

interruption in the graph on day 13 was due to a "blackout” at McClellan AFB.
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Utility Rate Structure

The amount of electricity consumed and size of daily peaks recorded

by a utility company and depicted on the electrical demand graph determine
a customer's electric bill. An electric bill for a commercial or industrial
customer is composed of demand and enerqy charges. Demand charge is the
portion of the electric bill hased on a customer's billing demand and is P
expressed as cost per kilowatt (kw). Billing demand is the maximum measured
peak demand during a specifie4d period of a month, or if the utility rate
schedule includes a "ratchet ctiuse," a percentage of the maximum billing
demand established during any of the consecutive eleven preceding months (25:8).
The demand portion of the electri¢ bill is determined by multiplying the
demand charge by billing demand. For instance, Company A's utility rate
schedule states billing demand will be either the maximum 30-minute
measured peak demand during the month or 50 percent of the billing demand
established during the previous eleven months, whichever is greater. For
example, the January 1981 electric bill for Company A contains the following:

Demand Charge

$3.70

0 Bl e ik T A et 1

Maximum 30-minute demand
3000 kw
Company A had a 30-minute demand during August 1980 of 7000 kw,

NI R, A2 Shnrt I . et Lo .

therefore:
Demand Charge = 3.70 X (max of 3000 or .50(7000) )
= 3,70 X 3500
= $12,950.
6




Energy charge is the portion of the customer's electric bill based
on electricity consumed, measured in kilowatt hours (kwh). The utility
company determines the energy cost by taking a monthly meter reading and
multiplying the reading by the energy charge. The demand charge and energy
charge are combined to arrive at a customer's total electric bill (25:2-8).
For instance, Company A's January 1981 electric bill contains the following:

Energy Charge

$0.04
Kilowatt-Hours consumed
600,000 kwh
Energy Charge = 0.04 X 600,000
= $24,000

Total Electric Bill = Demand Charge + Energy Charge

= $12,950 + $24,000
= $36,950

Time-of-use rate schedules differ from typical utility rate sche-
dules in the determination of the energy charge. Under a time-of-use rate
schedule, a day is broken up into two periods, on-peﬁk and off-peak. The
on-peak period is the time of day with relatively high electrical demands,
as specified by the utility supplier, typically mid-morning to early evening.
The off-peak period is the time of day with relatively low electrical demands,
typically early evening to mid-morning. Energy charges are set for each of
the periods with the off-peak rate a small fraction of the on-peak rate.
Time-of-use rate schedules require that customers have an additional meter

installed to distinguish on-peak from off-peak electrical consumption.
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For instance, Company B's January 1981 electric bill contains the

following:

Energy Charge
On-Peak (9:00 A.M. to 7:00 P.M.)
$0.04

0ff-Peak (7:00 P.M. to 9:00 A.M.)
$0.007
Kilowatt-Hours consumed
On-Peak
400,000 kwh

0ff-Peak
200,000 kwh
Energy Charge = (0.04 X 400,000) + (0.007 X 200,000)
= $17,400

The typical or standard rate schedule as well as time-of-use rate
schedules may incorporate seasonal rates. With seasonal rates different
demand and energy charges are set for different periods of the year. Sea-
sonal rates are an attempt to pass on the higher costs implicit in seasonal

loads, particularly air conditioning (9:25).

Progress of Implementing Time-of-Use Rates

Ten years ago there would have been little relevance in discussing
time-of-use rate structures, but today such a discussion is becoming very

relevant. Wisconsin Public Service Commission, in 1974, was the first to

order time-of-use rates for large commercial and industrial electricity

customers (9:17). Since then, commissions in New York, California, Michigan,

- —— -




[1linois, and Ohio have made similar moves. The first mandatory imple-
mentation program for residential users also occurred in Wisconsin. As of
July, 1978, time-of-use rates have been filed, ordered into effect, or
placed under consideration in twenty-two states, put into effect on an
experimental basis in fourteen states, and put into effect in twenty-four
states (9:17-18). Most initial time-of-use rate programs are small, exp-
erimental, and voluntary, but Dr. Malko of the Electric Power Research
Institute reports that mandated programs continue to be implemented at
what appears to be an accelerating rate (1:17).

The progress toward implementing time-of-use rates has been slowed
primarily by debate over whether to use marginal cost or accounting cost
methodologies to design the rate structures (13:130-131). The October,

1980, issue of Electrical World reports that this debate may be settied

by action of the Economic Regulatory Administration (ERA).

In the September 4, 1980 issue of the Federal Register, ERA
published a notice of a proposed voluntary guideline for a cost-
of-service standard under the Public Utility Regulatory Policies
Act of 1978 (PURPA) as it relates to section III (d) (1). In
proposing the rule, DOE says, "it is DOE's conclusion that section
115 (a) requires, in effect, that marginal cost be taken into
account in the course of considering the cost-of-service standard"[13:130].

Joe Crespo, president of Ebasco Business Consulting Co., adds that
the significance of settling the debate over whether to use marginal cost
or accounting cost was to get people off dead center and to start looking
seriously at time-of-use alternatives. In the October, 1980 issue of Elec-

trical World, Joe Crespo stated that:

He doesn't question for a minute that five-years from now the
industry will see wider use and acceptance of time-of-use rates [13:131].




Statement of Problem

Electricity encompasses a significant portion of the energy con-
sumed for USAF installation operations. In fiscal year 1980, electricity
accounted for 103.6 trillion BTU or 55.8 percent of installation energy.
Cost of electricity for installation operations in fiscal year 1980 was
$331.9 million (2:113-114). The implementation of time-of-use utility .
rates will provide an opportunity to save millions of these dollars. The
problem for Air Force managers will be to determine which processes can be

economically shifted to off-peak periods.

One component of installation energy is electricity required for
air conditioning. Air conditioning loads occur primarily during summer i
daylight periods. The problem then becomes meeting daytime (on-peak)
electrical air conditioning needs with nighttime (off-peak) electricity.
When air conditioning is provided by a water-chiller, the chilled-water
may be produced in off-peak periods and stored until needed. Before a

decision is made to construct and operate an air conditioning water-storage

system, it must first be determined if such a system is economical.

Research Objectives

The objective of this research is, first, to describe current methods
for storing chilled-water for air conditioning applications, and second, to .
determine whether the process of producing chilled-water during off-peak
periods to meet comfort air conditioning needs is economical when time-of-

use utility rates are in effect.




Research Questions

The approach used to meet the research objectives of this thesis
was to develop and answer the following research questions:

1. What are current methods for storing chilled-water for
air conditioning applications?

2. Will the financial advantages of off-peak utility rates
offset the added capital expenditures incurred by a chilled-water air

conditioning system with off-peak storage?
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CHAPTER 11

METHODOLOGY

Introduction
The purpose of this chapter is to describe the methodology used

in answering the research questions proposed in Chapter I.

Data Sources
The method used by the researchers to determine current ways for
storing chilled-water for air conditioning applications was to conduct a
literature search. Initially, Trane and Carrier Air Conditioning Manuals

and the ASHRAE Systems Handbook and product Directory were reviewed. The

only reference to chilled-water storage was found in the Trane Air Con-

ditioning Manual, which described a storage tank system manufactured by the
Dole Refrigeration Company (23:219-220). A search of scientific and tech-
nical magazines published since 1979 provided better results. Artici2s on

chilled-water storage were found in the ASHRAE Journal, Popular Science,

Electrical World, Engineering News and Record, and Heating/Piping/Air

Conditioning magazines. Finally, two newsletters on chilled-water storage,
cost information on various sizes of chillers, and major and minor overhaul
costs for the respective chillers, were obtained from a personal interview

with a Trane Air Conditioning representative (15).
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To determine if the financial advantages of off-peak utility rates
would off set the added capital expenditures incurred by a chilled-water
air conditioning system with off-peak storage, the researchers conducted
a comparative economic study. The comparative study consists of an
economic analysis completed on air conditioning systems with and without
chilled-water storage. The technique that was used to gather electrical
consumption data for the economic analysis is computer simulation.
Simulation is defined as a methodology for conducting experiments .
using a model of a real system (5:475). The researchers used the Building

Loads Analysis and System Thermodynamics (BLAST) program, which is a com-

prehensive set of subprograms for predicting energy consumption in
buildings, as the model (16:1II). BLAST is correctly being used by the
Air Force to perform building energy audits as part of the Air Force Energy
Conservation Investment Program, thus the program was available for use by
the researchers. BLAST is provided to Air Force users under contract with
Control Data Corporation, Minneapolis, M:inesota.

The real system in the simulation consisted of two buildings in
Area B of Wright Patterson AFB, Ohio. The economics of chilled-water

storage may be sensitive to building size; therefore, selecting two buildings

of different size partially investigated this possibility. Table 1 Tists

information on the two buildings selected as the real system for the simu-

lation. .




TABLE 1

REAL SYSTEM

Building No Building Area Building Category Chiller/Type/Size
(Square Feet) Description
20040 21543 Dispensary Reciprocating
Occ. Health Air-Cooled/50 Ton
20050 52298 Aircraft Reciprocating

Reasearch Engineering Air-Cooled/120 Ton

Buildings 20040 and 20050 are similar in construction, occupancy
schedule, and internal cooling loads. Building 20040 is a single-story
U-shaped building with a partial basement. The size of the basement is
approximately fifty percent of the first story floor space. Wall con-
struction is exterior stucco, two layers of concrete blocks, and gypsum
board, and windows are single pane glass. Building 20040 is a medical dis-
pensary occupied from 0730 to 1630. Internal cooling loads are composed
mainly of office equipment and electrical lighting.

Building 20050 is a two-story T-shaped building with a partial
basement. The size of the basement is approximately seventy-five percent
of the first story floor space. Wall construction is face brick, concrete
block, R-14 fiber-glass insulation, and gypsum board, and windows are double
pane glass. Building 20050 consists of administrative offices occupied
from 0730 to 1630. Interior cooling loads are composed mainly of office

equipment and electrical lighting.

14

—— )




The air conditioning systems in both buildings are single unit

reciprocating air-cooled chillers. This type of system is commonly used

in meeting air conditioning needs of small to medium sized general purpose

buildings in the Air Force. A brief description of air conditioning systems

is presented in Chapter III,

The BLAST program contains three major subprograms: the Space
Load Predicting Subprogram, the Air Distribution System Simulation Sub-
program, and the Central Plant Simulation Subprogram.

1. The Space Load Predicting Subprogram computes hourly

space loads in a building or a zone based on user input and
weather data.

2. The Air Distribution System Simulation Subprogram uses
the computed space loads, weather data, and user inputs describing
the building air-handling system to calculate hot weather, steam,
gas, chilled water and electric demands.

3. The Central Plant Simulation Subprogram uses the computed
space loads, weather data, results of air distribution system
simulation, and user input describing the central plant to simulate
boilers, chillers, onsite power generating equipment, and solar
energy systems, and computes monthly and annual fuel and elec-
trical power consumption [16:1].

Computer input files were created for buildings 20040 and 20050
containing the information needed to run the BLAST simulations. The BLAST
input files for Building 20040 and 20050 are contained in Appendix A and B,
respectively. The information needed for the input files was obtained from
building blueprints, site visits to both buildings, and interviews with
the building plant managers.

The Central Plant Simulation Subprogram was created with three
options, a base case and two alternatives. The base case represented the
chiller operating to meet cooling loads as they occurred. The first alter-

native represents the chiller operating only during off-peak periods with

15




sufficient storage capacity to meet the entire next-day cooling load.
The second alternative represents a smaller sized chiller operating
when cooling loads occur. The chiller is supplemented by chilled water
stored by the chiller in off-peak hours.

The economic analysis of the air conditioning options was per-

formed using guidelines in Life-Cycle Costing Manual for the Energy

Management Programs. Energy costs for the analysis were determined using

the electrical consumption data from the BLAST simulations and a time-of-

use electrical rate schedule provided by Dayton Power and Light. Chilled-
water storage tank investment costs were based on cost data obtained in

the literature review accomplished for Research Question One. Chillgr
investment and maintenance costs were obtained from the Trane Air Conditioning
Company. A comparison of the air conditioning options was made based on the

total life cycle cost of each option.

Limitations and Assumptions

An objective of this thesis is to determine whether the process of
producing chilled water during off-peak periods for air conditioning appli-
cations is economical. The economics were examined by applying time-of-
use electrical rates to electric energy consumption data. For this reason,
absorption chillers were not examined because they are most often powered by
steam (17:58).

The economic analysis does not include periodic maintenance costs

on the storage tanks due mainly to a lack of information on such costs.
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One of the advantages of producing chilled water in off-peak
hours is that air conditioning equipment operating in cooler outside air
temperatures operates more efficiently and requires less power (11:64).
Commercial air conditioning equipment can be either air-cooled or water-
cooled. The simulations were performed on air cooled equipment only;
therefore, it was not determined if an efficiency advantage exists in one
or the other methods of cooling in lower temperature.

Air conditioning chillers produce chilled water at 450F, which is
pumped to air-handling equipment in the conditioned space where the water
absorbs heat. The water returns to the chillers at 550F. The ability of
chilled water to absorb heat from the conditioned space is reduced as the
chilled water temperature rises (23:214). Chilled-water storage tanks,
therefore, must be able to maintain the chilled water close to the temp-
erature of the water leaving the chiller for the air conditioning systems
to operate efficiently. The BLAST program assumes there is no temperature
rise in the storage tanks. In Appendix E, calculations were performed to
determine the amount of temperature rise in the simulated storage tanks.
The chilled-water storage tanks are assumed to be concrete cylindrical
tanks with a wall insulation value of R-20. The maximum temperature rise
for water entering a storage tank at 440F and stored for twelve hours was
0.069F. This is a loss of less than 1 percent of the cooling capacity of

the water assuming a 100F temperature rise.

17
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CHAPTER III

PRINCIPLES OF CHILLED-WATER REFRIGERATION
AND CHILLED-WATER STORAGE
Introduction
The purpose of this chapter is to examine the principles of chilled-
water refrigeration and describe how chilled-water storage tanks are incorp-
orated into a chilled-water system. The major components of a chiller
refrigeration system will be described and the most commonly used types

of components compared.

Principles of Chilled-Water Refrigeration .4
The key feature of an electric powered chiller which distinguishes 1
it from other types of refrigeration is electric chillers circulate a
secondary cooling medium to the refrigerated space, rather than circulating
conditioned air. The major components of a chiller system are the cooling

medium, refrigerant, compressor, condenser, evaporator, and control devices.

Cooling Medium
The cooling medium used in a chiller can be water, a glycol mixture,

N "——4.44 ’

or brine. The type of cooling medium used is based on the temperature of

the chilled 1iquid required for the specific refrigeration-application.

About 90 percent of chillers used in industry provide water-based liquids

for central station air conditioning systems; therefore, discussion of chillers

will be Timited to water type equipment (17:58).

18

il
!




e A

Circulating water as a cooling medium requires less building
space for the air conditioning system and is less expensive to operate,
compared to circulating conditioned air. Because the specific heat and
density of water at standard pressure (1.0 BTU/1b-FO and 62.32 lb/ft3)
is greater than air at standard pressure (0.24 BTU/1b-OF and 0.075 1b/ft3),
the cross-sectional area required for water distribution pipes is markedly
less than that required for air system ductwork to accomplish the same
cooling task. Consequently, less building space is needed for the cooling
distribution systems (4:4.1). Operating costs of water distribution
systems are less because pumping horsepower necessary to circulate water
throughout a building is usually significantly less than fan horsepower
to circulate air (4:4.4),

Chilled-water is pumped to air handling equipment located in the
conditioned airspace. The chilled-water is circulated through cooling
coils in the air handler and room air is blown over the coils to extract
heat. Typically, chilled-water systems are designed to provide chilled-
water at 450F to the air handlers and for the water to return from air

handlers at 559F (17:58).

Refrigerant
The components of a chiller and flow pattern of liquid refrigerant

between the components are shown in Figure 2. The most commonly used
refrigerants are Refrigerant-11, Refrigerant-12, and Refrigerant-22,
which are fluorinated hydrocarbons derived from hydrocarbons and contain
chlorine and fluorine. Refrigerants are noncorrosive, nonflammable, non-

toxic, and nonexplosive (25:130). "The science of refrigeration is based

19




upon the fact that a liquid can be vaporized at any desired temperature by
changing the pressure above it [23:128]." Under atmospheric pressure,
refrigerant-12 has a boiling temperature of -219F, and refrigerant-22 has

a boiling temperature of -410F (23:428-429). Increasing pressure on the
refrigerant causes it to remain in a liquid state until a higher temperature
is reached. In the chiller, refrigerant vapor flows into the compressor
and is compressed, increasing the pressure and temperature of the vapor.
The hot, high pressure refrigerant vapor enters the condenser where heat

is rejected. As the temperature of the pressurized refrigerant drops

below its saturation temperature, it condenses. The refrigerant moves
through an expansion device where the pressure and temperature are lowered.
The refrigerant then enters the evaporator. At the lower pressure, the
refrigerant boils, absorbing heat from chilled-water flowing through

the evaporator (17:58).

Compressor

Electrical powered water-chillers are classified according to type
of compressor used, either reciprocating, centrifugal, or screw. Size of
chillers is measured in terms of tons of refrigerant, one ton of refrigeration
being the capacity to absorb 12,000 8TU's of heat in one hour. Reciprocating
chillers are available in sizes up to 200 tons, screw machines are used
between 50 and 750 tons, and centrifugal chillers encompass a broad range
between 75 and 5000 tons (17:58).

-Reciprocating compressors are positive-displacement machines
with crankshaft-powered pistons working in cylinders, equipped with suction

and discharge valves much 1ike an automobile internal combustion engine (17:59).

20
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-Centrifugal compressors are variable-volume displacement
machines with one or more rotating impellers imparting centrifugal force
to compress the refrigerant, similar to the action of a household fan (17:61).

‘Screw compressors are positive displacement machines with com-
pression resulting from the meshing action of grooved, precision-machined
lobes on male and female rotors (17:61-62).

Building air conditioning 1oads vary with the time of day and
season of the year. Chillers meet this varying load by adjusting the
capacity of the compressor rather than functioning in an on-off fashion.
Electrically powered chillers would appear to be ideal candidates for on-
off operation in a load-shedding environment where an organization is
attempting to share peak loads. Although cycling the chiller off for
short periods will not result in a significant rise in the conditioned
space temperature, there are some drawbacks to this type of operation:

1. Large horsepower motors are designed to handle a certain maximum

frequency of starts within a given time period.

2. Once cycled off, the motor must have sufficient time to dis-
sipate built-up heat before it is restarted. Starting current in large
motors is typically about 200 percent of operating current and the heat
from the starting current in addition to the motor's residual heat will
harm the winding insulation, shortening motor 1life.

3. Large air conditioning systems generally have some type of
internal electrical timing control to prevent too-frequent cycling, perhaps

enforcing a minimum off-time of 30 minutes (18:16).

22




The means used to vary the capacity of the compressor depends on
the type of equipment. The most common means of capacity control in

reciprocating chillers is to unload one on more cylinders, to bypass a

proportion of the evaporator vapor within the compressor, or vapor by-
passing external to the compressor (3:12.10). Centrifugal chillers adjust
compressor capacity through variable inlet guide vanes placed in front of
the impeller. Varying the angle of the guide vanes causes pre-rotation of
the entering gas and subsequently produces less compression (1:13). Screw

compressors incorporate a movable sliding valve. Opening of the valve

produces a gap which retards the point at which compression begins (3:12.17).

Condensers

There are three types of condensers commonly used with water-
chillers: air-cooled, water-cooled, and evaporative. An air-cooled
condenser consists of a coil, casing, fan, and motor. The hot refrigerant
vapor passes through the coils and is cooled and condensed by means of
ambiant air blown over the coils by the fan. Heat is rejected directly
to the air by sensible heat transfer (8:55-57).

A water-cooled condenser consists of heat transfer tubes mounted

inside a steel cylindrical shell. Hot refrigerant vapor enters the shell

and is cooled by water passing through the tubes. The condensed refrigerant
then flows to the evaporator. Source of cooling water can be a lake, river,
or well, but is most typically exhausted condenser water recycled through a
cooling tower. Heat transfer in water cooled condensers is sensible cooling :
from the water, heat transfer in a cooling tower is sensible and latent ?j

cooling by air (8:55-57).
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An evaporative condenser consists of a condensing coil, fan and
motor, water distribution system, recirculating pump, and casing. Hot 3
refrigerant vapor enters the coils and heat transfer occurs to the water
which is diffused over the coil surface. The heat is then transferred to

air passing over the coils. Evaporative condensers use a combination of

latent and sensible heat transfer (8:60).
The following general statements can be made concerning con-
densers:
Water-Cooled Condensers

1. Occupy the least amount of space except when a cooling
tower is used.
2. Require a cooling tower or an inexpensive source of water.
{ 3. Located indoors, with cooling tower outdoors.
4. Require water treatment when used with cooling tower.
5. Require pump and water piping large enough to handle total
water flow. t
6. Unit size range from small to very large.
7. High maintenance when cooling tower included.

Air-Cooled Condensers

b o o PO g vl 4 et VR

1. Require no water and, therefore, normally have no problems
of freezing, scaling, or corrosion. In industrial atmosphere,
corrosion may become a problem.

2. Higher peak power requirement per ton than an evaporative
condenser or water-cooled condenser,

.Lowest installation and maintenance cost.

Usually located outdoors.

No water piping or pump required.

Capacities over 125 tons generally require multiple units.
Longer refrigerant lines required.

. Possible problem if required to operate at low outdoor
temperature.

9. Minimum maintenance.

O~V W
e o o &

Evaporative Condensers :

1. Require much less circulating water than water condenser
with cooling tower, therefore, uses a smaller water pump, and
water lines of smaller size and shorter runs. !

]
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2. Usually require less space than air-cooled condensers, or
a water-cooled condenser with cooling tower.

3. May be located indoors.

4. Require water treatment.

5. Large sizer available.

6. Medium maintenance [23:175-176].

Power requirements of a water chiller are a function of the per-
cent of design load, leaving chilled water temperature, and ambiant air
or cooling-water temperature. While reduction in load produces the greatest
reduction in power, significant power savings are possible with reduced
ambient air or cooling water temperatures through more efficient condenser
operation (17:64). With lower outside air temperatures, air cooled condenser

fan speeds can be reduced, or on a multiple fan unit, one or more fans can

be shut off while maintaining the rated cooling capacity of the unit (3:16.13).

With a water cooled condenser and cooling tower, lower outside air temp-
eratures will lower the temperature of condenser water returning from the
cooling tower. The cooler condenser water reduces pressure in the con-
denser below design conditions and subsequently the compressor has to over-
come less head pressure. With less head pressure the compressdr consumes
less power (11:64). "For example, at 100 percent load, a 109F reduction in
cooling water temperature produces nearly 10 percent reduction in power

use [11:64]." Water cooled condensers are designed for an entéring water
temperature of about 859F, however, most chillers can be operated satis-

factorily at temperatures below 60°F (11:64).

Evaporator

There are two common types of evaporators (also called coolers) used
to provide chilled water for air conditioning systems: flooded and direct

expansion. The flooded type evaporator consists of an outer shell encasing
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a bundle of tubes through wnich flows the water to be chilled. About

half to three-fourths of the tube bundle is immersed in liquid refrigerant,
which boils because of the heat received from the water being cooled (23:159). #
In the direct expansion evaporators, also of the shell-and-tube type, liquid
refrigerant boils and evaporates inside the tubes while water is circulated
over the tube bundle (23:161). The direct expansion type evaporator has the ;
advantage of a smaller pressure drop in the chilled water circuit and a
smaller charge of refrigerant (23:161). "Flooded evaporators are usually
installed on centrifugal packages, and direct expansion coolers are normally

selected for reciprocating machines; screw chillers use both types [17:63-64]."

Chilled-Water Flow

USRI VU

Chillers are typically designed to deliver chilled-water to air
handlers at 450F and have the water return from the chillers at 55°F under
full load conditions. Flow of water through evaporators is recommended to

be held constant by manufacturers independent of load on the chiller (24:1).

varying chilled-water flow does not affect operation of air handlers but
constant flow is recommended for chillers for the following reasons:

1. Constant water flow aids in reliable heat transfer in the
evaporator. Under conditions of low water flow, refrigerant temperatures
fall below the freezing point of water and damage may occur from freezing -
of the evaporator tubes (24:1).

2. Without constant chilled water flow, the return water temp-

erature is not an indicator of load (24:4).

26




Chilled-Water Storage System

The concepts involved in chilled-water storage are both simple
and straightforward. A schematic diagram of a chilled-water storage system
is shown in Figure 3. The system consists of a chiller, storage tank, and
circulating pumps.

Chilled-water storage systems can be operated in one of two ways.
The chiller can be us®d to charge the storage tank at night during periods
of small or no cooling loads and then shut down. Storage tanks are then
used to meet cooling loads occurring after the chiller is shut down. In
this case, air handliers are equipped with two-way control valves designed
to allow a set temperature drop across the air handlers. The chiller
operates at design load, filling the storage tank and diverting sufficient
chilled-water to meet any cooling loads. The circulating pumps supplying
chilled-ﬁater to the air handlers are variable volume pumps supplying only
enough water to meet the load with a set temperature drop in the chilled
water (22:1-2).

The second case involves continuous or near continuous operation
of the chiller. The chiller, in this case, is sized smaller than one
needed to meet peak cooling loads. The chiller is run at night to fill
the storage tank and also meet any occurring cooling loads. As the cooling
loads increase, more of the chilled-water is directed to air handlers until
the cooling‘load matches the chiller size. When cooling loads exceed the

capacity of the chiller, chilled-water from the storage tank is then pumped
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to the air handlers in addition to chilled-water coming from the chiller.
In this case, as in the previous case, the circulating pump supplying
chilled-water to air handlers are variable pumps supplying only enough
water to meet cooling loads with a set temperature drop in the chilled
water (22:1-2). Systems can be designed with more than one chiller in

the circuit as shown in Figure 4.
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CHAPTER 1V

CURRENT CHILLED-WATER STORAGE SYSTEMS
AND ECONOMIC ANALYSIS

Current Chilled-Water Storage Systems

The current methods for storing chilled-water for air conditioning
applications are examined by considering the materials used in construction
of storage tanks and methods used in preventing blending of water within

the tanks.

Construction Materials

Chilled-water storage tanks have been constructed of steel, con-
crete, gunite, and styrofoam. Steel tanks can be prefabricated or con-
structed on site. The largest steel tank which can be prefabricated off-
site is 30,000 gallons and costs are about 50¢/gal (21:69). If the tank
must be reinforced to accept the static head of a system, costs escalate
to above $1.00/gal (21:69).

Because of the high cost of steel, it is more practical to use
concrete tanks. Tanks in the 100,000 to 500,000 gal category have been
installed for as little as 20¢/gal (21:69). Concrete storage tanks can
be placed on top of buildings to save on transfer pumping energy. Roof
top installations incur a structural penalty of about 4¢/gal plus 1/4¢/gal
per story of building height (21:69).
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Gunite walls with posttensioning bands to avoid cracks can be used
to reduce weight and cost of concrete tanks. "Gunite is a trademark for
a concrete mixture sprayed under pressure over steel reinforcements, as
in making swimming pools [14:623]." Gunite tanks may be fabricated for as
little as 15¢/ga) in 50,000 to 100,000 sizes (21:69).

Storage tanks are also being fabricated using four inch thick
styrofoam sheets with metal band reinforcement and coated fabric liners.
The cost of styrofoam tanks is similar to that for the gunite tanks (21:69).

The material used in the construction of a chilled-water storage
tank for any particular installation will depend on such factors as size,
difficulty of excavation, and the design practices of the consultant. In
any application, the economics of using a particular construction material

should be considered.

Anti-Blending Methods

The effective operation of a chilled-water system with storage requires
a means of separating the chilled-water from its warmer return water. When
warmer return water enters the storage tank, it is useless if it returns to
the system before being processed through the chiller. Hot-water storage
tanks rely on stratification of water within the tanks to separate the hot
and cooler water. This is possible because of the buoyancy characteristic
of water in the hot water temperature ranges. But as Figure 5 reveals, the
buoyancy characteristic of water over the chilled-water range differ so little
that buoyancy is a poor means of preventing blending of water in a chilled-

water storage tank (21:65-66).
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Water Buoyancy (21:65).

Fig. 5.
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One method of hindering blending in a chiller-water tank is use of
fixed baffles. Layout of the tank is shown in Figure 6. The fixed baffles
are arranged in the form of weirs (dams) which promote a “"piston flow”
between the compartments. For instance, chilled-water enters the storage
tank in Figure 6 on the right and follows a flow pattern shown by the dot-
ted line. As the chilled-water enters a compartment, an interface is
formed between the 45%F water and the 55°F water. The interface moves up
the compartment during the filling process; thus the "piston flow". As
the interface approaches the top of the compartment, the 450F water begins
to pour over into the next compartment before the preceding compartment is
completely empty. The 55°F water remaining in the compartment blends with
450F water in the shaded area shown in Figure 6. Chilled-water is dis-
charged from the storage tank by reversing the flow pattern through the
tank. Tests on a single pass through a fixed baffle system showed about
85 percent of the tank volume remained unblended (21:67). Concern with
this concept lies in a tendency for the blended portion to increase with
each reversal of flow. Testing has shown the blended volume is variable,
depending on rate of flow and the resultant head of water between segments
(21:67). The fixed baffle method has been used in Japan where construction
of the storage tanks is subsidized by the need for earthquake protection.
Japanese buildings use earthquake reinforcement in the form of intersecting
shear walls at the basement level. Little modification is needed to form
a container for water storage (21:66-6,).

A second method of hindering blending is the empty tank concept.
With this method, water flow in a compartment only occurs in one direction
at any one time. Layout of the tank is shown in Figure 7. In this method

there is a tradeoff between cost of partitions in the tanks and cost of the
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volume for the spare tank. "Rough cost analysis seems to indicate that
the lowest enclosure cost, including the partitions and shell, will result
from a tank which contains from six to nine compartments [21:67]."
Automation of the compartment isolation and manifold valves would be
essential with an empty tank system. Otherwise, an operator would be
required on constant duty to regulate the flow between compartments. The
designers of a $45 million, 21-story building in Los Angeles have halved
thgfsize of its air conditioning plant by adding a 640,000 gallon chilled-
water storage tank. The storage tank is constructed of reinforced concrete,
plastic lined, and is buried beneath the lowest level of a four story
undérground garage. The empty tank concept is used with the storage tank
divided into eight compartments. A computer based control system is used
to start and stop the chiller, and to determine how much chilled-water to
prepare for the next day (10:17).

A third method of hindering blending is the moving partition con-
cept. A schematic of the moving partition system is shown in Figure 8.
The moving partition is constructed of coated fabric and fastened at mid-
height. The membrane floats up and down to suit variable proportions of
459F and 559F water (21:69). Screens are placed over the in-flow and out-
flow area to avoid trapping the membrane. The moving membrane methods
requires walls of the storage tank be smooth to reduce rubbing wear of the
membrane. A thin stationary plane of 50°F water forms above and below the
membrane and acts as insulation against heat transfer (21 :69). A two-
million square foot office building in Calgary, a western Canadian oil
town, was designed with cold and hot-water storage tanks, and no heating

plant. The design is based on the fact that office buildings require air
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conditioning year round since people, machines, and computers create

excess heat within the core of an office building (6:20). Winter heating

i: obtained from hot-water tanks which recycle discharge heat from the

buildings chillers. Chillers operate at night and the chilled-water is

stored in two 250,000 gallon tanks. The storage tanks are equipped with

a moving membrane system to prevent mixing of incoming and stored water (6:21).
Relative costs of the various anti-blending methods are contained

in Table 1. The costs are based on a storage volume of 300,000 gal and

water depth of 12 ft (21:70).

Economic Analysis

The economics of a chilled-water air conditioning system with
off-peak storage were analyzed by performing a total 1life-cycle cost (TLCC)
analysis on each air conditioning alternative. Guidelines in Life-Cycle

Costing Manual for the Federal Energy Management Programs were used for

the TLCC analysis.

This manual amplifies the methodology and procedures for 1ife-
cycle cost analysis established by the Department of Ene.:gy (DoE)
in Subpart A of Part 436 of Title 10 of the Code of Federal Reg-
ulations (10 CFR Part 436), which is entitled "Federal Energy

: Management and Planning Programs" (FEMP). It incorporates pro- |
. posed changes in the methodology and procedures made in response va
¢ to recent amendments to the law. It is intended as an aid to A
i implementing life-cycle cost evaluations of potential energy con- ‘1
servation and renewable energy investments in existing and new P
federally owned and leased buildings as required by Section 381 I
(a) (2) of the Energy Policy and Conservation Act (EPCA), as amended, s
; 42 U.S.C. 6361 (a) (2); by Section 10 of Executive Order 11912, |
;o as amended by Executive Order 120003 (Executive Order); and Title V ¥
- of the National Energy Conservation Policy Act (NECPA), 92 Stat. 3275, i
Es amen%ed by Section 405 of the Energy Security Act, 94 Stat. 611
19:4ii1].
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TABLE 2

RELATIVE COST FOR VARIOUS ANTI-BLENDING SOLUTIONS ggéus GALLON)

Type Anti-blending

Fixed Empty Moving
Item Baffles Tank Baffle
Storage Tank 30 30 30 1
Basic Piping 4 8 4
Stationary Baffles 8 - -
Nozzles and Pipe 7
Headers - - - 7
Empty Tanmk (1.5
Compartments) - 8 - |
Extra Partitions - 6 -
Space for Empty This may be inconsequential, but where
Tanks or space is at a premium it may be the most ig
Oversizing significant cost of all.
Deeper Excavation j
or NPSH Pump - 2 -
Moving Baffle - - 6
Screens, Wells,
Lights, etc. - - 6
Control & Instrumentation:
Basic 3 5 3
Extra Valves and
Processor - 5 -
Extra Tank Volume
to Compensate :
for Blending 10 2 - N
TOTAL 55 66 49

SOURCE: ASHRAE Journal, January 1980 '




The TLCC analysis takes into account costs of different air con-
ditioning equipment, minor and major overhaul costs, storage tank capital
costs, utility costs, and salvage and resale costs. Costs of air handier
and air distribution equipment are not included since this equipment is
common to each alternative. Energy costs are included only for the four
months (June-September) summer period. Energy costs for the other months
are identical to each alternative and do not affect the comparison of
alternatives. Costs occurring in future years are compared to current
costs by adjusting future costs for opportunity costs.

Key Elements of the TLCC Analysis on
Buildings 20040 and 20050

The key elements included in the analysis are:

1. Life cycle cost evaluations account for investment costs,
nonfuel periodic maintenance costs, and energy costs. Investment costs
and nonfuel periodic maintenance costs are summarized in Table 3.

2. Time-of-use energy costs are approximated hased on information
contained in a Dayton Power and Light Company rate proposed for time-of-
use rates. A Facilities Charge of $0.53 per KW of on-peak or off-peak
demand is assessed to the maximum hourly demand recorded during any of
the previous twelve months. A Demand Charge of $5.09 per Kw is assessed
for all kilowatts of billing demand per month. An Energy Charge of $0.0125
per KWH on-peak and $0.002 per KWH off-peak is assessed for all kilowatt-
hours consumed per month.

3. The Uniform Present Worth Formula Modified (UPW*) for DOE region

5, which includes Minnesuta, Wisconsin, Michigan, I1linois, Indiana, and

Ohio, was used for discounting future costs of energy. Value of UPW* is

11.95 (19:130).
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4. The air conditioning equipment is assumed to have a twenty-

five year service life with a zero salvage value.
E 5. A1l future dollar amounts are estimated in constant mid-1980
dollars. A discount rate of 7 percent is used to adjust costs to mid-1980

dollars.

6. The study period for the alternatives will be twenty-five
years.

7. Initial investment costs are reduced to 90 percent of cost
to adjust for social benefits of saving nonrenewable energy (19:2).

8. Storage tank investment costs are summarized in Table 4 and
are based on a cost of $0.49 per gallon of storage and determined as
follows:

I1.C. = Storage size (BTU) X Specific Heat of Water
X 1 gal

8.33 1b of water X_1 X
T of Chilled Hy0

$.49
gal

TABLE 3
CHILLER INVESTMENT AND NONFUEL PERIODIC MAINTENANCE COSTS (15)

($) Investment ($) Major ($) Minor
Chiller Size Cost Overhaul (9yr) Overhaul (3yr)
20 Ton 10,000 2,000 250
40 Ton 18,000 3,500 300
60 Ton 22,000 5,000 350
120 Ton 40,000 7,800 500

42
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TABLE 4

STORAGE TANK INVESTMENT COSTS

Storage Tank Size Storage Tank Size Investment Costs
(KBTY) (US GALS) (DOLLARS)
4000 40016 19600
6000 60024 29400
11000 110044 53140
17000 170068 83660

The cost time relationship for Buildings 20040 and 20050 are
shown in Figures 9 and 10. On the cost-time lines, costs occurring
during a given year are assumed to occur all at the end of a year. The
economic evaluation is accomplished using TLCC by summing:

(a) The present value of investment costs minus salvage

value.

(b} The present value of future nonfuel operations and

maintenance costs.

(c) The present value of replacement costs.

(d) The present value of energy costs for each alternative

design [19:83].

The TLCC of Buildings 20040 and 20050 was calculated as follows:

(a) Present value of investment is calculated by taking 90 per-
cent of cost of the reciprocating chiller and storage tank minus salvage
value of zero.

(b) Present value of future nonfuel operations and maintenance
is calculated by multiplying major and minor maintenance costs by Single

Present Worth formula for the corresponding years.

43
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(c) Present Value of replacement value is equal to zero because
equipment 1ife and study 1ife are equal.

(d) Present Value energy costs are calculated by multiplying
total energy costs from Tables 5-10, by the Modified Uniform Present
Worth Formula. The values for peak demand, billing demand and KWH con-
sumption are taken from Time-of-Use Electrical Usage Reports in Appendicies
C and D.

Results of the analysis are summarized in Table 11 and show the

base case option, no chilled-water storage, to be the most economical.
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Adjusted Economic Analysis

The TLCC analysis presented so far deals with Buildings 20040
and 20050 as individual entities. That is, Building 20040 or 20050 is
the only contributor to the electric utility bill. An adjusted economic
analysis is now presented showing the effect of grouping buildings to-
gether for utility billing purposes.

g Electric utility billing can be based on consumption from a

E number of buildings serviced by a single electric meter; such a case is
common within the Department of Defense. In this case, the facility
charges and demand charges are based on the peak demand through the
electric meter, not for a particular building.

Adjustments to the TLCC analysis are made assuming Building 20040

or 20050 is grouped together with other buildings for electric billing

based on the occurence of peak loads. The adjusted analysis assumes an-
other building serviced by the same electric meter as Building 20040 or

20050 has a peak electric demand during the on-peak period. The peak

demand from the other building is an order of magnitude higher than that
of Building 20040 or 20050. And, the on-peak demand from the other

building occurs at the same time as the on-peak, peak demand for each

option of Building 20040 and 20050.

The peak demand for the base case and alternative two for Buildings
20040 and 20050 occur during the on-peak period. Therefore, the peak demand
will contribute directly to the facility charges and demand charges for

i
the grouping of buildings. i
|




T

The peak demand for alternative one, running the chiller at night
only, occurs during the off-peak period. Therefore, the peak demand does
not contribute to the facility charges and demand charges for the grouping
of buildings. The contribution to the facility charges and demand charges
are based on the peak demand during the on-peak period. The TLCC's for
alternative one for buildings 20040 and 20050 are adjusted for the facility
charges and demand charges based on the on-peak period peak demand. The
adjusted energy costs are shown in Tables 12 and 13 and the adjusted TLCC's
are shown in Table 14. The base case option, no chilled-water storage,
remains the most economical; however, the economics of alternative one are

improved.

Sensitivity Analysis

Finally, the sensitivity of the TLCC analysis to changes in storage
tank construction costs should be examined. The storage tank investment
costs used in the TLCC analysis are calculated using a cost of 49¢/gal.

The investment cost of 49¢/gal in Table 1 is based on a 300,000 gallon con-
crete tank with a moving baffle anti-blending system. The investment costs
includes costs of tank construction, anti-blending system, piping, and
control and instrumentation.

The storage tank construction costs in Table 1 were 30¢/gal. As
reported in answering Research Question One, concrete tanks can be con-
structed for as little as 20¢/gal, and gunite and styrofoam tanks for as
little as 15¢/gal. The storage tank investment costs are recalculated at
39¢ and 34¢ per gallon (construction costs of 20¢ and 15¢ per gallon,

respectively) and the TLCC's are adjusted for the recalculations. Results

55
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of the sensitivity analysis are summarized in Table 15. Alternative two,
the small chiller supplemented with stored chilled-water, has the minimum
TLCC for building 20040 with storage tank investment costs of 39¢ and

34¢ per gallon. The base case remains the most economical for building

20050.
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TABLE 15

SUMMARY OF SENSITIVITY ANALYSIS ON TLCC'S (DOLLARS)

Building 20040
Base Case
Alt 1
Alt 2

Adjusted A1t 1

Building 20050
Base Case
At 1l
Alt 2

Adjusted Alt 1

Building 20040
Base Case
At 1
Alt 2

Adjusted Alt 1

Building 20050
Base Case
Alt 1
Alt 2

Adjusted Alt 1

STORAGE TANK INVESTMENT COST

49¢/US GAL 39¢/US GAL 34¢/US GAL

0
29,400
19,600
29,400

0
83,660
53,140
83,660

0
23,400
15,600
23,400

0
66,590
42,300
66,590

0
20,400
13,600
20,400

0
58,050
36,870
58,050

TLCC'S BASED ON_STORAGE TANK I.C.

49¢/US GAL__39¢/US GAL 34¢/US GAL

58,900
80,598
61,340
70,850

148,779
214,938
164,333
190,944

58,900
75,198
57,740
65,450

148,779
199,575
154,577
175,581

58.900
72,498
55,940
62,750

148,779
191,889
149,690
167,895
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Research Question One. The current methods for storing chilled-

water were described in terms of construction materials and anti-blending
systems. Storage tank construction materials were evaluated by comparing
material costs. Materials available for use in constructing storage tanks
included steel, concrete, gunite, and styrofoam. The steel tank costs are
50¢/gal as compared to 20¢/gal for concrete and 15¢/gal for gunite and
styrofoam.

The effective operation of a chilled-water air conditioning system
with storage requires a means of preventing blending of the chilled-water
and warmer return water. Current anti-blending methods can be classified
as fixed baffle, empty tank, or moving partition. The anti-blending
systems were evaluated by comparing the effectiveness of the anti-blending
system and costs. The fixed baffle method uses weirs (dams) to separate
compartments in the tanks. The fixed baffle system does not physically
separate the chilled and return water and is only partially effective in
preventing blending. The empty tank method uses an empty compartment in

the storage tank as a buffer between the chilled and return water. Main-

taining the empty compartment buffer requires automation of the compartment

..~ YU




isolation and manifold valves. Prevention of blending relies on the
effective operation of the automated control system. The moving partition
method uses a floating membrane attached to the side of the storage tank

to prevent blending. The membrane moves up and down automatically as the
volume of chilled and return water changes and maintains a physical barrier

between the chilled and return water.

Resolution of Research Question One. Currently, a gunite or styro-

foam storage tank with a moving partition anti-blending system is the most
desirable method for storing chilled-water. Gunite and styrofoam have the
least expensive construction costs. The moving partition maintains a
physical barrier between the chilled and return water without depending

on an automated control system and has the least cost per gallon.

Research Question Two. The economics of producing chilled-water

during off-peak periods with a time-of-use utility rate schedule were
investigated using minimum total 1ife-cycle cost (TLCC) as a criteria.

The procedures used in the TLCC analysis were established by DOE. The
analysis included computer simulation of two different sized buildings

at Wright-Patterson AFB to gather electrical consumption data. The
building simulations included three options: (1) a base case with no
chilled-water storage; (2)- alternative one, producing all chilled-water
during off-peak péfiods; and (3) alternative two, supplementing a smaller
chiller with chilled-water produced at night. The buildings simulated
were 20040 and 20050. ‘
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The TLCC included investment costs, maintenance costs, and energy

costs derived from the electrical consumption data. At first, the buildings

were analyzed as individual entities, treating the buildings as the only
determinants of the electric utility bill. Then, the buildings were treated
as one of a group of buildings and the TLCC's were adjusted for savings on
electrical demand charges. Finally, a sensitivity analysis was performed

to investigate the influence of using different storage tank materials with

differing investment costs.

The base case, no chilled-water storage, has the minimum TLCC for
both buildings when the buildings are treated as individual entities with
concrete storage tanks. Investment costs of both of these concrete tanks
was set at 49¢/gal. Alternatives one and two have smaller energy costs
than those of the base case, but these savings are insufficient to amortize
the added investment costs of the storage tanks. The TLCC's of alternative
two came closer to those of the base case. The installation of a smaller
chiller reduced chiller investment costs, storage tank investment costs,
and peak electrical demand charges for the buildings compared to alternative
one.

The base case also has the minimum TLCC when buildings 20040 and
20050 were treated as one of a group of buildings and concrete storage
tank investment costs were 49¢/gal. The electrical peak demand charges
are reduced for alternative one, operating the chiller only at night,

because the peak electrical demand of the chiller is exceeded by the

P! W

larger daytime peak demand of the other buildings. However, operating
the smaller chiller with supplemental chilled water is still more economical

than operating a considerably larger chiller only at night.
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A sensitivity analysis was performed for the range of storage
tank construction costs found in current literature. The original TLCC's
were recalculated to reflect use of concrete storage tanks with investment
costs of 39¢/gal and gunite or styrofoam tanks with investment costs of
34¢/9al. With storage tank construction costs of 39¢ and 34¢ per gal,
alternative two for building 20040, the smaller building, was the most
economical, while the base case for building 20050 remained the most

economical.

Resolutions of Research Question Two. The economics of chilled-

water storage for air conditioning applications with time-of-use electrical
rates based on a TLCC analysis is sensitive to storage tank investment
costs and size of the air conditioning load. Alternative two for building
20040 has the minimum TLCC when storage tank investment costs are reduced
to 39¢/gal. The economics of alternative two for building 20050 wiil
become the most economical if storage tank investment costs are reduced
slightly below 34¢/gal. The decision whether or not to install chilled-
water storage will, therefore, greatly depend on the ability to minimize

initial investment costs.

Recommendations for Further Research

Based on the minimal information available on chilled-water storage
and the results of the economic analysis performed in this thesis, several
recommendations are made for further research.

Buildings with chilled-water storage applications found in the
1iterature were all under construction or due to be completed in the 1980-

1981 time frame, the time period of this research. These projects can be
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used as sources of information on investment, operation and maintenance
costs of the storage systems in future research.

The economic analysis considered only the utility rate schedule
for Dayton Power and Light. Information on the structure of other utility
rate schedules in effect in other areas of the country could be obtained
and applied to the electrical consumption data from this simulation.

Finally, additional simulations need to be performed to verify
the electrical consumption data provided by the BLAST algorithm used in

this research.

65

2
N
3
L]
i
H

:

= s e




APPENDICES

66

S ., o




APPENDIX A

BLAST INPUT LISTING FOR
BUILDING 20040




NOSHILLV. IHOIHM = dSVH
WVHOLHd S139 v8 Ad
NUTLVH3dO d0H vZ H4'TT1IHD 4UVYHUI1S Q100 = ¢ 11V
NOTLVHAdU HNOH ¢t YT TTIHD JUVHOIS dT00 =t 11V
ONIQTTINYG ONILSIXd = 4SVD 4Svd
HL1V3H 200 dSId = NOILAIYIS3a 1v)
Gy 106G = 40021VYD
YOQ = 3dAL 1and
(4)  ONIQTINE  3S0d4HN4=-11TINW
EvGte = v3dyv 1LDo3roudd
tpGie = ONIQTING 40 v3IHY ALYddOdd “Ivid IVIOL
LOIp=18L = HAAWON INOHd NOAOLNY
d020HdVdYd *NATINWOW = HI4ANTONA
Or00Z = HIGWNN ONI(TINY
AENERERRBNARR RN
N =AYV ONTATTEN e

PPETETITY ST T SR 24

H

»x

x%

>

0L 100
09100
06 100
Ov100
0g 100
0ciou
0rtoo
00 100
06000
cgu0e
0L000
02000
06000
0140 ¢19]
0t 000
9740 18

01000

68

- r——————— - —




*(AVANIEAM *G6° = SSIANYVATO
‘G2e= HIQ *02e€li= SM ‘16€ = S3Hd NVl 12 = 3LvVQ

‘22 =@M '€ = MOT *GZ= HOIH) = HIINIM NOSHILLVd—LHOIHM
¥ SAVA NOIS3A 3NIF43d
¢ NOILVOUT ONd

$(9 = Z1°€0°v8 = ONOT *6#°6€ = IV1) = NOSYILLVA-LHOIHYM
} t NOILYJO0T 3NId43d

t (4123 °*WALSAS *SAYOT 110D °*STIVM) SIHOMTY
‘INVId IVHINAD °*SWILSAS HIV MIN*SINOZ MIN rTOHINOD NNYH

¢ INdNI NIO34

PYETRTYIY YA

NERRERNRERE

= HIM3FTAIY WOOrVN »»
J14VY = ONVANGD YHOLVRN »»
OIHO *NOLAVAQ = NOILIVOOT #+

MALT S it 3 Y

op£0L
0te00
0ce00
01800
VEOV

06200

08¢ 00
0L200

0ecuU

69

06200

74V Y]

0£20n0
0¢c00
01c00
00200
06 1U0
08100




‘ 00NIS NI | = 1V) = [ TIVMAN 01600
t STIVM AHVHOAW3IL 0USOU

ARARRREREERERY 06%00

NXRRENR RPN R RRE R RN RE N R RLRR BES SRR R LR RRRN R R XL X2 20k 22 2% 080U
= *SAVU NOISIU 40 INOH4 NI WIHL INd ONV 3dVI 43IHLIVIM *x 0/$00

¥ 40 LNOHd NI WOHA we¥xe 3HL JA0W3Y *NOTLVINWIS YVIA TINd V NNH OL »* 09pLUL

FRRRFSNFFFEPRRRNRER RN AR REN N ER R BEENNRR L RRRR RN AR R LR REEY  0G POO

¢ SAV( NOIS3IA (N3 OvvOU

$CAVANTIM *G6° = SSINHYITO CE 00 I
‘Gee = :_: ‘Obs = SM *26E = SHHd *diS 1 = 31va Oc¢ vuU R
‘60 = UM *6G = MOT ‘b8 = HOIH) = TIV] NOSHILIVA-1HOIHM  O(%00
C(AVAXH4M *G6° = SSANYVITD 00 ¥OU
‘Gee = MIA ‘009 = SM ‘16f = S3Hd *onv gl = 31vQ 06 €00
‘vl =¥ ‘L9 = MUT *68 = HOIH) = HIWNAS NOUSYILLVA-IHOIYM 08€00
*CAVONHAM *Ge* = SSINHVITO 01€00 w
*Ge¢ = HIAQ *UCEL = SM O*I6E = STHd *HVYW 12 = 31va 00€£00 ]
‘Gr = HM *2€ = MOT ‘04 = HOIH) = ONIHdS NOSHILLVd-IHGTHM 0G£00 .




t( 3111 J11SNOJY - 63 08900

y 3OVdSHIV ONITIID - 3 01900 .

¢ ONIAIS 1331LS - €V 09900 m
. JI3HONUD MH NI 21 - 119D 0G 900

¢ TIOY LIVHASY = ONIH00Y) = 1 d0O0YAN 0¥900

3 S400H AHYHOAWAL 0£900

TR YR T T T e 0¢900

' STIVM ONI 01900

t( a4vod dAO 4O 43LSVid NI v/€ - 13 00000

71

¢ J13YONOD MH NI 21

110) = ZTIVMAN 06400
s STIVM AYVHOAWAL 08500

FERARRERLRERE XY 0L500

t STIVM N3 (OGN0

£ (HV0G dAD HO HISVid NI /€ - (3 06500
. NOOTd HI3HONOD M1 NI # - 22 0pGOU
. JONYISISIH IIVASHIV - (4 0£S00

AO0TY JLIYONOD MT NI 8




——

t(

s (

O . veren i

B oo

e e e o

3134ONOD MH NI 8 = 01D
NI 21 1410) = ZHOOTIANW
$ SHOLTd AUVHOGWAL
FEXFRREREFHNERE
¢ SHOOTd (N3
avd SnodgI4 13dyvI = ONIHOOTA HSINI A
JL3IHONOD MH NI 21 = 11D
JOVdSYIV ONITIHD - ¢4
47111 JILSNOJY = GJ) = 1HOUTIAW

1 SHOOTd AHVHOAWIL

REXREN AR RENE N
s SH400Y (N3
al34ONUD MH NI ¢l = 11D
vd SAOHEId 1344V = ONTHOOTH HSINIA) = 1 TIJOAW

: SAOOH AYVHOAWAL

RRNRERRRRERE RER R

t SH004H (R4

05800
1014210 ¢)
0£800
02800
01800
00800
08 L0L
08L00
GLL U0
09100
0qL0U
0vI00
(VWA Y
021.00
01200
00200

06900V

72




¥ 0c010
S LINN ONIQTING TYHINID o« | 3NOZ 01010 :
PETTTTE T T Y $ wulo

80 = SIXY HIHON 06600

1081=G*0LC=M*U6=4"0U=N sSNOISNINIQ VB6LU

$aNIdSIU TTVIIQaW 0P00Cw = ONIGTING 0L 600

o A e

ENOTLAIHOSAA ONIATING NIOdd (96U

NERFRR AR PR RB RN EREN RS (S600
¥ NOITLdIHOSAA ONIGTINHw»x 19) 2,107
RN ER R BRI LR N RN RN 0t 600

8 (P A6 6609 L9 L9 Lo O optopterter) = SIUNLVHIAINIL ONNUYY 0ZHLU
t 130 33U Ot NHHI 89 NVL 10 WOHA AdVL YIHLvaMm  Ol600

i S NUSHILLVA=LHOIHY *HAINIM NOSHALLYd=IHOIUM = SAVA NOISH(] *+ V.77,V U]

t NOSHILLVJ=-IHOTYM = NOILYDO'T 06800
tu VPLLUC ONIFTINH 40 SISATTYNY AOHANZw = 1OHM0OHd URBOO
t  SHOOTI4 AN3 01800

t( Cvd SNOHETA J1.3dHVD =~ ONTYOU'Id HSINIA U sUU




HLIM (

S3dViad HLIMm

HLIM (

S4dvdd HLIm

HLIM (

S3dvidd HIIM

HLIm (

8 Ad v6l)

*(0°*0) 1v

(

8 Ad uy)

*(0%0) 1v

(

ITIVMAN (M) ONIODVA

L'y Ad 81)

INVd FIONIS 3dALl 40 SMOUNIM

FTIVMAN (N) ONIOVA

L Ad ?)

JOOU SSY19 dIdAL 40 SHOOd

HLIM (0°0) v

(

8 Ad oLy

*(0*0) LV (

¥ AH uy)

s ( 0Oy AH

(S) ONTOUVA (

061

wsy

)

-

L°y A" bv)

3NVd J7IONIS 3dALl 40 SMONIM

I TIVMAN (3) ONIOVA

L°y Ad 81)
INVd HTIONIS JdAL H0  SMOUNIM

UTIYMAN (S) ONIOVS

$STIVM HOIHIIX3

HHOOYHAW
vt V) LV ONILYVILS

1SH400H

06110
oo
ARV
091to
0Ggi1o
Ovliv
ot110
uectiv
ottto
co110
06010
08010
0/01C
0ou 1V
0G0 10
LyO v

0g010

74




s ONIIHOIT 301440 ‘*G9¢i = NOILYHLTIANI O9€10
t AJDNVANOO0 301440 *gi = INdWDINOd JIHLO4Td 0SE UL

$ ONILHOIT 301440 ‘8L = SLIHOIT OveELO
3 AONYdNOO0 H4J1440 *gi = dld03d OgL (U

tONITO0D9Ye ‘ONILV3H ¢9v 0zelo

SAONVH ONT'LLLOYHL “TVAU HLIM JOVAL4S ONdXddM UNV LHOIN = STOHLNOD OIE 1V

»x 00€E10
t( Ot Ad 061) IHOUTJAN (3) ONIJVS 06210

$SHOU 14 08210
¥ 0L210
H $( 8 Ad ug) ECNOILILYVd (N) ONIDVAH 09¢ U

sSNOILILYYd 0G0

»% upc v
$0*0) 1V ( L A4 zn) CEZ10
HOOU SSVI9 3dAL 40 sHoLd 02c 1V i
r HLIM (G*O) 1V  L°bv Ad v8) oLzt , M
S4dvHd HLIM 3NVd 4IONIS 3dAL 40 SMOGNIM oué 10 :




HLIM (

HLIM (

HLIM (

S3dvdd HLIM 3INVd FIONIS 3dAL 40 SMOONIM

8 Ad 9L) I'TTVMAW (N) ONIOVA

*(L*U) LY ( L°v A8 o1)

S3dvHU HLIM 3Nvd FIONIS 3dAL 40 SMOUNIM

8 Ad ov) ITIVMAW (3) ONIDVAH

*(0°0) 1V ¢ L°v AH 13€)

S3dvall HLIM 3INVd FTONIS 3dAL 40  SMOAONIM

8 AH 9L) ITTIVMAN (S) ONIOVH
tSTIVM HOTHILXT
»x
$( 9L AH ov) 1 JOOHANW

Amv.uz_o<m ( o0o0g* 0* 0) 1V ONIIHVIS
1S400 Y
xx
LINN ONIATING IHOIH w 2 3NOZ
EEXXRRRRRERERR Y

tON3

0tsto
0¢6G10
otsIC
00410
06wt
o8v10
oLvIO
oov 10
aGe 1o
1034 210
oeEvio
oevio
otvio
cOvio
06¢€ 10
08¢0

0LE1O

76

o s e o 10 -




L

$N3
t OUNIIHOIT 301440 *906 = NOIJVYLTI ANI
$ AINYANOO0L 301440 *9 = INGWdINO3 D14 104714
$ ONIIHOIT 321440 ‘O = GSIHII
¢ AONVANIO0 421440 *gi = 31d04d
$ON 1100086 *ONILV3H ¢8I
¢ SHONVY ONTILLOYHL “IvRd HEIM XOVEL4S dNAX3SM ANV IHOIN = STOYINOO
'Y
t( 9L AY op) CHOUTHAW (3) ONIOVS
tHOOTd AVHO NO 4Y1S
'Y )
t( 8 AH  OF) EZNOTLIIHVA (N) ONIOVH
SSNOILIIYVA
»x

£(0%0) 1V ( L AQ L*2)
HOOU qUoM AI'lus 3dAl 40 SHuoa
HIIM (0°*0) 1V  L°v A4 g¢)

0L 10
06910
0E9 1L
0L910
09910
06910
Uroltu
0gelo
Ucolu
oloto
woltu
06610
ogGIC
01610
oG te
0G6G910

uvato

77

- TR Ay




1 S U O J - o - ~G - e -

$(0%0) 1Iv ( L Ad L°2) 0L810
1 40040 qoom arilos 3dil 40 syooa 09810 ;
HLIM (0%0) 1V ( L°% Ad ve) 06810 |

S3dvdd HLIM INVd FTONIS 3dAL 40 SMONIM 0v810

HLIM ( 8 AH oL) ITIVMAN (N) ONIDVA OgE D

*( 8 Ad ov) TTIVMAN (3) ONIDVA 02810

*(0*0) Ly ¢ Ly Ad 8t) QIs10

S3dvHd HLIM 3NVd FIONIS 3dAl 40 SMOAGNIM 00810

HLIMm ( B AH oL) ITIVMAK (S) ONIOVA 0ALIO

78

$STIVM HOIY3ILX3T 08/10

A 0LL 1O
8 ( 9L AH o) 1 JOOHAN 0o/1C
(S) ONIDV4 ( 006° o* 0) LV ONILYVIS 0sL10 .

$S400Y ov110

¥ 0EL10
tn LINN ONIQTIING 14371 w € 3INOZ 02110
RENNBNEYRRENREN 0L to




$( 4L°6 Ad

‘O SIY AH

$( GL°6 AH

$(0°0) LV ( 4L°2 Ad

1( 9°HE AH

sHOOTd 3AYHY NO gY1S

CTIVMAN (N) ONIODVA

CTIVMAN (N) ONIOV4

sSTIVM LIN3IW3SVA

EZNOTLILYYd (N) ONIOVAH

SSNOTLILYHYd

cc)

S3dYH(O HLIM 3NVd FTONIS 3dAL 0 SMOONIM
ITIVMAN (M) ONIDVH

JTIVMAN (N) ONIDVd

1STIVM HOTHIIXH

FTIH0AR (S) ONIODVA

$SONITIAD

e s = T e o e T Y 4 T AT

01¢2¢o
(VIFSAV
06120
UgIcUL
0L 120
(R T4V
05120
Ov ico
osico
Oc 1cu
o1teo
o tcu
06020
Oo”ucV
0OLOCO
(V9740

06020

——




S3dVH( HLIM 3NVd FIONIS 3IdAL 40 SMOONIM 08f20
HLIM ( 9°G Ad 96) ITIVMAN (M) ONIDVH 01t20
ISTIVM HOTI¥3LX3 00f£20

¥ 06t 0
t( 9°6E A4 06) ITIFOAN (S) ON]IOVA oree

ISONITIID 0et 20

»x (VA X4V w .‘
tu INSWASVE HINUS o« G HNOZ 01€20 ”)
NERRRNEARERNE R Y Wetcu “
(N4 0620 8 w
$ ONIIHUIT 401440 *04¢ = NOTLVHLIANI 082cu W
¢ ONILHOIT 301440 *€l = S1HO1T 0/ 220
t AUNVANDO0 401440 ‘g = J1d04d (Occu
LONITIO0OI1G *ONILVIH 001 ncezn

b SHONVH ONT IJLOYHD VNG HLIM AOVHLAS UNAXHaM ONY IHOIN STOHLNOD Ubcecu

*¥ 0t 22O

3 ( U¥ AH £6) cdOUTTHAAW (4) ONIOVA Uccc v




> 04420

t( Ov AH 96) CHOOTdAN (2) ONIOVAH oraco '

FHOO14 3IAVHO NO YIS 0€£ 620

> 02520 :
1O GIp A 96) ZTIVMAN (N) ONIOVH 01620 ‘
‘(GL°6 A 96) ZTIVMAN (N) ONIOVA 00620

sSTIVM IN3INISVH 06¢¥20

e s ——

¥ 08veo

$( GL°6 AH 9°bt) €CNOILILYYd (N) ONIDVA (SJRZAY

81

sSNOILILdYd 09+20

»y V1 T4V

$(0%0) LV < LAY 9) ATV

OO SSYIO 4dAl 4o sqoLd Of e U

HLIM (0*0) LV ( 6L°C AH S°9) 0Zveu
Sddvid HLIM 3NVd 2TTONES ddALl 40 SMOANIM Ulbeu

HLIM ( 9L76 Ad o) I'TIVMAN (S) ON]JOVAH Oy
*(LtU) LV ( GL°C Ad pTLL) U6ECU

W e e




AD=A109 876 AIR FORCE INST OF TECH WRIGHT=PATTERSON AFB OH SCHOOL=--ETC F/G 13/1
AN ECONOMIC ANALYSIS OF AIR-CONDITIONING SYSTEMS WITH OFF=PEAK =-=ETC(U}
SEP 81 B J MCMULLEMN» N D PAPAPROKOPIOU

UNCLASSIFIED AFIT-LSSR-66-81

. IIEEEEEREEEE
EEEEEENEENEEER




|||] I mng
= |
22 e e

Lede g -




ey < et TET—— T FE e

" I WAISAS Nv4 INOZILTINW wl

PR YT Y
PPPETE TR

BENRERREY

SHONY A k] LILOHHL

I N3ISAS »»
$NOTLdIHOS3A W3LSAS NY4 NI93d
PITTESEETAFE 2R L )
*¥
RARFRPRSXRFXEEY
EINOILdI40S30 ONICQLIng (N3
PRSI EEEELR R 2 Y L
$(IN3
ONIIHOI'| 401440 ‘*06¢ = NOILVYLTIANI
$ ONTIHOIT 301440 Ol = SIHOIT
¢ AUNYdNOO0 204440 °*g = 4'1d03d
N 10028 *ONILYAH 0Ot

IYNG HILM HOVHIAS (ONadd4am NV LHOIN

STIOHLNGO

W3LSAS dINOZILINW 02L20

01220
00.L20
06920
08920
01920
099 20
06920
0v9¢20
0£92¢0
0¢9¢0
0toco
wocu
0AGCL
UsGCU
01620

U94HC L




FRRERRERE

PSR Y

NRENBANERE

NXRRRERNE

$°61LG¢

$°GL6¢

$°066Y

$ON3

0 = INNTOA HIV ISNVHXT

(0]

= INNTOA HIY AddNS

$€  INUZ HO4

taNT

4hNT0A HIV LSOVHX3

= IVMIOA HIV R1ddNS

12 dNOZ HOod

t ONd

0 = IRNTOA Y1V ISNVHX3

£

*¢

dNNTOA HIV A'lddAS

‘"

11 JNOZ Hod

SANUZ ONIAHIS

06820
08620
©r8e0
U9scv
06820
V44V
0£820
weeeo
ot820
00L& U
06120
08lcu
0oLLeo
09120
06120
ovLeo

0£120




(1°=vc OL W) = AINA=aHOS HIV IAISLNO WANWIXVAW AVAN3IM

(1°=pZ U1 00) = J'INUFHOS HIV HAISLNO WAWINIW AVQN33IM

(UL LY OL ‘U LV Ovi) = F'ING4HOS TOYINOD MO4d LOH
ul = JONVY ONITTLLOYHL X030 LOH

UaTIOHLIND HiV JAISLNO = TTOYINOD XJ3ad 1OH
ol = JONYYH ONITTILLOYHL %03a Q100

) = JHNLVYIAWIL 3030 aT0d

INTud LI3S u3Xid

= TJOHLNOD 3230 G700

L® = AONA1OId444 NV4 NYNL3H
L = AONIIJId443 NvVd4 1SnvHXT
L = AONAIOId4d4 NV4 A'IddNnS
070 = JUNSSTHd NYJ NHNIIH

1 = JHNSSIHd NYJ 1SNVHX3

v*e = JHNSSIHd Nvd A'lddnsS
LA SRR = AlddNS A9HAND TI0D ONILVIH
0002 ve = ALIJVdYD TI0D ONILVY3H

1SHIJIANVHYA KWILSAS 43HLO

voutv
0G0¢0
OpUEL
0otoLo
UCUEU
010€0
1 VIV V)
06620
UR6CU
0L620
09620
066¢0
(§-2,%4V]
0€n20
UC 60
01620

OuelL

84

chl > o,




$SHILAWVEYd NOIS3Id TIVD ONITOOD 08ItV

8 = JUNLVHIANIL 8In9 A4 HIV ONIYIINI O€2€0 1
V6P = ALIJOT3A HOVd YIV Ucctu '

L6E = JHNSSIHd DIHIINOHYA 0I1Z€0 W

"Uva bl = HIVH M0T4 3WNTOA HIV 0UCEO 4
H4LVM U3 THIHD = JdAL 110D 061€0 m
b

i

IYTYYYTYY ) OLIE0

tSHILANY YYD WALSAS HIHLO (N3 09 IEU

INUN = JdAl d3131UIWNH»»  0G1EO
VARV = ALIOVAVO 110D 1V3H34d»» UpIEVL =
431lvM LUH = AlddNS AOHINI LviHddd++ OFE €0
L = AONJIOI443 HANHNY SVI Lc¢ IE0
1. 2824 = JYNLVHIAWNAL LvIHIHd»+ Ol11t0
ANUN = NUILVOOL TIOD LV3HIUd»» (G I£0
INADOHAd UdXTd = TOHLINOD HIV UAXIN 060£0
(1°=pc UL VU) = HINAIHIS HIV HATISLOAO WARIXVR GNINIIM 080€0

(1°=-v¢ Ul V)

H4TNA3IHOS HIV JUISLOO WAWINIW UNAN3IM 0LOEO




B R T T P T ey

AT T D

(NU=¥2 01 00)
(NO-¢Z OL 00)
{No-v2Z 0L 00)
(NU-v2 OL 0)
440 = vé ol 00)
NO - 2 0L 00)

INALL IWHALN]

NN RBANES

‘¢!
Sl
e
14
L ¢y
49

4%

4TNASHIS ONITO0D ONAI3AM

FTINAIHIS ONITOOD AVORIIM

ATNAGHIS ONILYHH GNEX3HM

JINA3HOS ONILYIAH AVOITAM
FINCIHIS WAISAS QNN

FINAIHIS WILSAS AVONIIM
= NOIL1VH¥3d0 WILSAS
$SITINUIHOS ININGINOI

$SHILANYHYd NOISAEA TI0D ONITT0D ON3
= JLVH MOTd ANNTOA HdLvM

= ALIDUT3A HIlvm

= JYNLVHIMNIL YILVYM ONIAVT]

= YYNIVHIANIL d431VM ONIH3IN3
= JHALVHIdWAL €Ing L3mM HIV ONIAVTT

= JUNLVHIAWI) 818 AHU HIY ONIAVTI]

= FUNLVHIdWHL 4'Ind L3M JIV ONTHIING

wveu
OHEE O
UREEU
OLEED
voLL U
0GeEr o
(6424 0)
CLEe0
OCEL U
O1E€0
UULEQ
06210
vRctL
0L 20
09ZF0
062¢0
0oy zen

86




PR T o L P L I

$°0eL = FNNTOA HIV Aldd4NS 0LGE0

1§ 3NOZ HO4 U9tV

FERERARRY 0GS €0
tONT OpGEU

$ 0 = INNTOA HIV LISAVHXT 0EGFO

$°0091 = INNTOA 81V A1ddNS LESED

st INOZ HOA4 014E0

RRNRRBENLE (¢ VI 0]
t G ‘v SINOZ ONIAHIS 06%€0
[
" WA1SAS NVd 4ANOZILINN we W3LSAS 3INUZILINN O8BPEU @®

c WAISAS »» OLPEQ

FrrYYYYYYY ) UOYEU
XEXBRBERE 06 ve0
tW3LSAS (N3 OUpvtu

tSATNAIHOS LNINDINODT ANT 0eEve0

: d4s ut (1IHHL NAOC 1V WOHE NO ALIJVAYD ONITO0D UctveEU

¢ AV BE MR 100 10 WOHd NO ALIOVAVYD ONILVIH O1PEC

i o et e e




vrarr i

pURm

vl

d4TI0HINOD Hiv 3dIS1no
Ui

151°]

Inlod L3S daxld

L*

Fo

v¢e
Wv41Ss

OuU< | vE

YRR RYLY

B

= JONVYH ONITLLOYHL 034 1OH
= TOYLNOD X230 LOH

= JONVH ONITLLOHHL X230 a7l0d
= J4NLlvd3diad. X040 G100

= TIO4INOD X030 a710D

= AONIIOId443 Nvi NYNL3Y

= AONFIOJI443 NV4 JSNVHX3T

= AON3IDI4d43 NV4 A'iddnsS

= JYNSSIHd NVL NHNLIH

= JHNSSIHd NV4 JSNVYHX3

= JYNSSIYd NV4 AlddNnS

= Aldd(S AOYINT 110D ONILV3H
= ALIOVdYD 1100 ONILV3IH
tSHAJANVHYd WALSAS 44HLIO

$(IN3

0O = HWNTTOA YIV JsSnvHX3

OvLEO

Ot L0
0Z2Lf0
O1L€0
00LE0
069¢0
08910
0L.9t0
099¢0
GGot0
ovoe0
0EQE0
029¢0
019¢0
009€0
06S€0

CHGEO

88




‘OELE
43LvM dITIIHD

FRENEREPR

INUN

0°o

H4LV™M LOH

L*

v oy

ANON

IN3OHad daxid
(t°=vC 01 0V)
(1°=vZ L W)
(1*=¢¢ 0L GL)

(t°=pc U} W)

(0 Ly 0L *0 LY Orl)

= JLvd MOTS IWNTOA HIV

= JdAL 110D

$SYALANYHYd NOISIA TI0D ONITO0O

t SHALINVHYE WALSAS H4HLO (IN3
= 3dAL HIIATAINNH»»
ALIOVdVI 110D LViHIdd»+

AlddNS AOHINT LVIAHIYd**

= AON3IOId4d HaNdng SvO
= JUNLYYIdWIL LVIHIUd»»

NOILVYOOT 1100 LVAHIHA »+
= TOYINOD d1V J3XIw
FINAFHIS HIV adISLNO WNWIXVA (NdX3dm
JInA3HIS A1V JAISINO WAWINIW (NIN3IH
AINA4HOS HIV sUISINO WON XV AV dam
AHNUIHIS HIV FUISLAO WAWININ AVONIIM
= J4MUAHIS TIOH4INOD ADdU JOH

016€C
C06£0
06680
08: €0
0LBEO
098€0
us Bty
Oy8eo
(V- NV
0c¢KeC
Clstu
008e0
L6LEV
ORLEG
OLLEG
co/IfFC

uslEu

89




(NU-¥¢ OL LV) = F'IN03HIS ONILYHH AVOXTFIM 080VO

240 = ¢Z 0L 00) FINAIHOS WILSAS GNINFIM 0L0v0

NO = pc O1 UL)

ATIG3HIS WILSAS AVAXFIM USLPU
INJLLIWHALINI = NOILVH3d0 WILSAS 0G0v0
$STINUIHOS ININDINVT UpUPU

FERNBNN Y 0£0v0

$SHILIAWVYYA NOIS3A TIVO ONITND (NI 0200

‘t = JLvd MOTd INNTOA YIIVM 010v0
S$1¢ = ALIDOT3IA H3LVM 00GPO

1) = JUNLVHIANAL HALYM ONIAVHT 066€0

1714 = JUNLYH3dW3IL HILVM ONIYIAINA 086€0

L2y = JYILVHIdNAL 4108 13M HIY ONIAVIT 046£0

44 = FUNLVYIAWAL $7ING AHO HIV ONIAVIL 096€0

ro = JUNLVHAdWAL 97INH 1AM HIV ONIH4INd USAEU

1] = JUNLVHAINIL 47Ind AHA YIV ONIHIINT Ov6EC

06V = ALIJOI4A 30V4 HIV v sl

L6E = JHNSSIUD DIHIAWONYH O2AE0

ittt s 8 P Attt ettt sttt an.




XRRRRREREY
ARRNRNNN S
PETTTET ¥Y
PETY YYE Y
t d3s ot
L AVi IE

(NO=-vZ UL 0Q)

(NU=Pc 0] LV)

(NG=FZ OL 0)

NHHL
[l (R

twOP00CH = HIAWNN ONIQTINA

LD TdVer = RWOOLYN

$EVG IC = Y3HVY ONIATING
$SHILANVYHVD dI1D03

§NOILdIYOSIA INVId TTVHINID N193§
$NOILdIYHOS30 WILSAS NV4 (NI

tWILSAS ON3

$SFINOIHIS INAMDINOT ON3

NNC 10 WOHd NO ALIOVAYD SNITOUD
LoU 10 WOHd NO ALIOVAYD ONILV3IH
= 371NA=5HIS ONITOND ONINFIM

= FINAFHIS ONTTOOD AVUNIIV

= JINGHIHIS ONILVIH (NIN3HM

062v0
11174 4V
0t evo
0clcvu
0120
Wc v
06 1¥0
ug tvu
0LIYO
U9 IpUL
0S 10
oviv0
ot 1+0
02 tv0
ocuivC
L IRR 44

060v0

91




$1SHIALINYYVd TVIO3dS ONIF 02vv O

$1° = HSV'I4Y4 OlevO

$€°01 = HLVHS 00vv0
$v62° = 434N10J 06¢ 90
£°062¢t = A13NndH 08EYO

s SHALINVYHYd IVIDAdS OLEYO

AR RRPRRY 00£¢v0

§NOTLOF'I3S LNINDINO4 (NI 0GEVO

$°ult HZ1IS du HATTTHD ONILIVI0YdIOAY | ovevo

92

t°tt Ol 4218 40 Ha1iug | oLt 0
INOTLJTIIS ININDINDA O2ErO

¢ 'l W3ISAS ONIAHAS 01690
" I W3LSAS UINVId TYHINFDw { INVId QUEYO

$4104 (N3 06200

0’ 1VODw = JdAL 1304 ere

oI Vs D00 dSIUe = aGN 0L2vo

tanNOSHAILVYA=IHOTEM = JSYH J0HO4 HIV 0oyl




$( 0 - L0 OL ¥2

‘L - 92 OL L1*0v = L1 O1 L0)=HALVM 1OH AVAX3I3M
td3S O€ NUHL NNL 10 WOH4 NO ¢31NA3HOS 31vd

B (P p p e E L ECECE R EL B EEE Y P YY)
= |47 INQEHOS HIvH QNdNAdM

RT R AR 2 TRt Tt Rt Ak 2k Yl Tt N 3t 2k Mt Sl Fk 2l A A Ak A8 A 2
= 13INA3HIS H1vY AvaXHdm

Rt AL AN B I e T B B B B A AL AT A% At Ak Ak At AF Ak 4
= ¢47INQ3HIS 3LVY UNdX3dm

AT Al B L B B R B D AR AX AL AF A AF AL AR AN AX A S
= ¢3NAIHOS 3LVH AVANIIM
13°INQAHIS

NRERRNENNE

tSOILVH avo 1dvd and
(Ge 18 = IWOINID9 1749 =] G40 ¢ I=XYN* CO =NIW) HTTTIHD ONILVI0HdID3Y
t0]11vY SAvVOT 1Hvd

rEERRENRY

wsyo
06vy 0O
bbby U
88 vy 0
LEYY U
ORrRPYO
GHYY U
860

1224 4Y)

VLYY L
Q9 v+0
19" 24 4Y)
(004440

UEYYU

93




I EY VRN

NRRRRRNRY

REREXEERX

$(

$16° 1 = NOILVT4N]

¢ 0 = JOHVHO (ONVWId

‘0 = QY07 dV3d WNWININW

‘0 = JOHVHD ATHINUW WAWINIW

‘0 = HOJLIOVd NOILVIVOSI 1S0)

860° = 1S0D LINN ‘2iv g = LINN AOYINT

SALIDIYLDTIS
LS00 AOHINA

$SHALINVUYA 1S0Q FTOAD 3417 AN3
s 61 = J1S0D HOHYT 1LINN

¢ T4 = 34171 103roid
$SYILINYHVC LSOOI TIDAD 3411

t3TNUIHIS AN
0 - < OL 00)=HALVYM JOH ON3IN3IIM

0LOv0
u99pU
059¢0
LYOPYL
0E9ot0
0Zovu
019v0
OUovL
065¢v0
08Gv0
0LG¥0
vocpu
0GS ¢vC
ovavu
0} 31 ¢
(749 V)

01690

94




L et e c——

ERNFERNEY

* £G° L

‘*u = LSOO TINVHYIAU HONIN

* 00061 = TMNVYHYIAO HONIN 0L SYNOH

‘0 = 1S0D TAVHYIAO HOLVN

**0000¢% = VHYAAO YOVN 01 SHNOH

‘10° = LS00

‘e tedt = 371
s y3ilog

£1S0J ININAINO3 TVNLOV

$1S00 AO43ANT ANH

16°L = NOILVIdNI

‘0 = JOYVHO UNVWi(

‘0 = CVO1 XV3d WONININ

‘0 = F9HYHO ATHLINOK WONTNIW

‘0 = H0LOV4 NOILY1VOSI 1ISUD

LSO LINM * 0001 = LINN AOYAN3A

e TINA HTl1og

or8v0
oeRro
02890
01840
008v0
06L+0
08L%0
OLLYO
091 +0
0SL Y0
ovlv0
0ot Lv0
02l v0
oLLYo
0LYo
0/9%0

0H9v0

95




1°0

XRRRRER XY

$ *00000 |
‘oo
.
C00E
**00061
**0UGE
**00005
** 0008

te08y

$ 00000 |
.Cc

OOC

= LSOO TYLIdYO ONIA1INA
$SYILINYYYd 1S0OO HIHLO

$1S00 ININAINLI TVALOY ON3
= 3417
= JONYNIINIVN
= SITHYNNSNOD
= JS0J INVHYIAO HONIW
= TNVHYIAO BONIW 0L SHNOH
= LS0UD INYHY3AO HOLVW
= TNYHEAAO HOCYN O SHNO
= 1S00
= J7IS

YATTIHD ONILVIOHAID3Y
= 3411
= JONVNILINI VYW
= SITAVNNSNOD

01060
000450
066 $()
086%0)
0L6v0
0o6vr0
064640
o690
oe6v0
026v0
016v0
00 6v0
107,351 4V)
08890
018b0
QORYO

10,731 10

96




0By 321S 40 HITITHD ONILIVI0OYdIOIN |
$°€L 01 37218 40 431108 |
£°0009 IZIS F0 ANVLI JOVHOLS 410D |
INOILOZTIS IN3INdINO3
s 't W3LSAS INIAHIS
NOILVY4d0O HNOH ¢ 1 HITITHO JOVHOLS d'l0O» ¢ INV1d
rEPRRNNERSE
NERRPRERY

1 INVId ON3
$SHALINVHYd 1S0OD YIHLO (Nd

£°0 = dOr43d
‘0 = 1S00 W4lSAS NVd4 J100I44d
£°0 = JONVNIAINIVW WILSAS NVd TTVOANNV
t°0 = 1S0J TTVYLI4YD W3LSAS NvVd

$°0 = JOI H3d

[ 3

.
-
-
n

SLS0D ONIATING J1AulHsd
£°0 = JONVNILNIVW ONIQTING TTYANNY

08160
0L 160
ceiso
06 160
ov 160
of 16V
0Z1%0
(A 1Y)
00160
060s0
08050
0LOSU
C90<0
0GuUsU
(p0<0
0,30 110)

02050

97




S

ErE PR

$v6C°

43n.101
$°0G922) = 8713N3H
¢t = LAsS)
12 = HVINLD

t°0 OVNINLD

L}

£°0 = YWMINL)

16° 1 TJOSAX VW
t1 = TOHOXVYN

81 = 10SH

t1 = HVINLH

$1 = MHSAOXVN

81 = MHHOXVN

1 = GWINNYH

$21 = HOWINNY
$SHILINVHVYC TVIIAdS

INOLJOST1HS ININKINOT ON3

UstEsU
09£G0
ogLau
02€G0
01£90
00 £60
06250
08¢50
0/.€40
09250
0alsu
0260
0r¢su
0220
Uichu
00 2S00

U6 1GU

98




= JTNCGIHOS ONIOHVHD MNVI Q00 ANINIYw
SCLP 1010100000000 000000000000 1% 1% 1% 1% 1% 1 1)
= JINA4HOS ONIOHYHO JNVL Q700 Ava¥3Im
EINVL OU NYHL NYM 00 WOHd NO ONTOYYHD INVL JOH
$(1 - 2 01 00) = HINGIHOS HIATIVY ANANTIM
$(1 = p2 OL V0) = TTINAFHOS HITIOE AVANTFIM

FINAIHOIS ONTOHYHD ANVI JOH ONIN¥IIM
FINAIHIS ONIOHVHO JINVL JOH AVANIIM

t (0= v¢ UL 00)

t(0 = p¢ UL 0O)
t37INA4HOS
XXX BPNER
tO1JvYH SAvOT 1Hvd (N4
C(6C 1L ="IVOLRLOA 1A GO =LSHH ¢  1=XVR 2O =NIW) HITIIHO ONILVOLYdID3H
tOLIVY S(VUT L¥vd
NRRRNAREY
$SYALANYYYA TV ]Od4dS (INA
$1° = HSVI4
$€°01 = 4LVHS

02650
01550
00650
06vG0
08vG0
0OLvS0

nNo G0
0S¢0
014 471¢)
OE vS0
0Zvc0
CL¥a0
00 ¥$0
06fEGQ
0BEGO

01 €60
Q9€s0

99




———

$d3S Uf MHHL NN 10 WOHd NO ONIOHVHO JNVL (110D 06950
$AVN 1€ NHHL L0 (0 WOHH NO Y3 TI0H 08960

td3dS OF NYHL NNr 10 WOY4 No ¥3TIIHD 02950

td3S Of NHHL NNC 10 WOYI NO Z3TNAIHOS JLVH 00960
t(ptrtptetEtErtEtEtEtEtEtEtECElEECE PP P LYt Y)  0GOGL
= {37NQIHIS FLvY ON3INFIM OPOGO

(PP P ECECEEE L EECEEC L EE P PP P L YY) OF OG0
= |3 INGIHIS 31VH AVUNIFAM 02060
gttt Ittt ittt rtete e tetetetetetetete) 0tosu
= 237NA3HIS ILVY ONINFIM 009G0

t(gt2tet ittt ettt ittt itetetetetetetetetetete)r LoSSU
= Z4TIGIHIS FLIVY AvANIIM 0RGGU

N G R Il Bl R VA VAN VA VA VA e R R S R VA o RO R VA RN Il R R R Ll B I V7K < )
= JING3IHOS HITTIHD (NIN3IM 09650

O R Il I VA VR 0 R D A VA o R VR O RV A o R o R Il Il IR Il R IR IR R} 7))
= FTINAIHIS HITTIHD AvANIFIv 0vGq0

PO 1%1°100%0%0%0%0%0% 000000 1 LI 1ttt 1) 0EGGO

100




e s e

¢ 8G0° = 1S0D

ByRRRRELE

‘0
‘0
‘0
LINN

0 = 3J94VHD (INVYN3Q

= AVOT XV3d WONINIW
JOUVHD ATHINUW WNNWININW
4O 10Vd NOILVIVOSA 1S0D
*2iv°e = LINN AOHINT
sALIDIYLOTTT

t1S00 AOHINIT

$SHILIWVHYd 1SOD FT0AD d4IT (N3

ERRXERRRYE

t( 0
t( 0

‘L = vZ 01 L1°0OY

61 = 1S0D Ho8VT1 LINN
T4 = 3417 JOdrodd

$SYIALINVHVA 1S0D FTOAD FAIN

$3INAIAHIS (N3

vZ 0L 00)=H3LVYM JOH (NDIFdM

- L0 0Ll ve

L1 OL LO)=HIIVM LOH AVAXTIM

. = e

09860
06860
0v8s0
0£8%0
02860
018460
00 8460
06160
08140
011 S0
09150
0q/ G0
ovLs0
ogLso
¢eLaon
01140
001460

101




‘0 = 1S02 TNYHHIAO HOCYW

0€£090

**0000S = INVHYIAO HOLYN OL SHNOH 02090
‘10° = 1S00 01090
‘e ge0l = 3ZIS 00L90

r 431104 06660

$1S03 IN3INDINO3 TVYNLOV 08650

ETEY T YN 0L 6G0

$1S00 ASHANI QN3 096GV

16°2 = NOILV13NI 06660
‘0 = d9UVHD UNVN3I(U Op6S0 m
‘0 = QvOT dvid NOWININ 0€6G0 w
‘0 = HOHVHD ATHINOW KNAWINIW 0 6G0

‘0 = JOLOV4 NOIIVIVOSI LS0Q 016S0

y £STL = LS00 AINN y 0uol1 = LINN ADH3INT Oueswu
$7404 437108 04860

RRERERNNE N 041460

16° ) = NOILVT4NI 0/8G0




e

TS ET S

$°000LO |
‘o0
ey
ce00E
** 000G 1
‘*006E
* *LUOLG
‘00081
teugey
3
$*LLLLU L
‘*0
ce
‘e

*Tuuug |l

$1S0D JINIW4INOI TYNLOV ONJ
= 4417

JONYNIINIYW
SATAVNNSNOD

= JS0O TMVYHHIAO HONIW
INYHHIAO HONIW OL SHNUH

= 1S0D TINVHUIAO HOCVYW

INYHUEAO HOCYR OL SHNOH
= 1S0D
= 3718

HATIIHO ONILYJ04d]1D34
= 3417
JONVNIINIVN

h

SATHVRNSNOD

= 1500 TNVHUIAO HONIW

= "[NYHYIA0 HONIW 0L SHNOH

e e . e im L mlaa e -

0ucou

06190
uglou
0L 190
09190
06190
Ov 190
0t 190
0¢ 190
01190
ov 19V
06000
LBUCL
0L090
09LQV
06020

uruoL

L et ams e i

103




}

$°000¢ 3ZIS 40 XNVI JOVHOLS Q@T00 1
tNOILO3IIS ININDINOI
'l W3ILSAS ONIANHHS

w  NOLLVHAdO HNOH vZ HITIIHD 39VHOLS (700« £ INV1d

FRERERERY

PrI T Yy

t°0
se0
$£°0
$°0
t£°0
s 0
£°0

0L 6LE

tINYId (N3

$SHALINVYVD 1S0D HIHLO (N3

= QO143d

= 1S0D WILSAS NV4 J1Q014H3d

= JONVNIINIVW WALSAS NVd TYNNNV
= 1S0J TV1l1dV¥D W3LSAS NV

= Q01 xH3d

= S1S0D ONIATINY JIQoIHad

= JONVNALNIVH ONICGTING TVNNNY
= 1S0J TTVLIdYD ONIA1Ing
1SHALINVHY] LSOO HIHLO

CLEQO
09t9u
06£90
oreE9U
0EL 90
0cecO
01€90
10,6) 3o ]0)
06290
Cy42o0
0L 220
0902
0geoQ
v 290
CE€290
0¢c90
01c90

104




PET YR TNY

t°0pe

$ Ut

S e et e s

321S Hu
J3Z1S 40

821 = 10SO

$Z = YVINID

$°0 = OYMINLD

1°0

YYNMINLD
TOSAX YN

t0°¢

$1 TOHOXVN

tvZ = HONINNYH

t$1 = LUSH
$1 = YVANIH
1 = MHSOXVW
t1 = MHHOXVW
t1 = gWINnY

tSHITIWVHYC TV IDAdS

INOTIDF'IAS ININAINOI ON3F

HITITHD ONILVOOHAID3Y |

y3rioa i

0vS00
0£<90
02590
01690
00690
0690
0800
0L v90
09vo0
0690
1814 2]
Ng ¥o0
02v90
01990
00 $90
06£90

OREC0

105




T - » ore— e

= J7TINAFHIS ONIOYYHD JNVL (703 AVAN3IIM

INVE 00 NHHL NVL 00 WOYd NO ONIOHVHO JNVLI I1OH

t(1 - vZ2 01 00) = FINAIHIS HITIOE UNIN3IM

. t(l = 2 OL 00) = FINAIHOS YITI08 AVAIIIM

$(0 - ¥Z 01 00)= JINAIHIS ONIOYVYHDO JINVI IOH (N3IN34M
$(0 = »Z 01 00)= IFINAIHIS ONIOHVHD MNNVL LOH AvaIIIM

$37INQ3HOS

NERRAEREY
$SOILVY avol J4vd ahd
(6C1E°="IVOIHLIDT 1T GO =1SAH 2  I=XVN 2O =NIW) HITTIHD ONIIVIOHdI D3Y
$OILVH SAYo1l LHvVd

LT RN ¥
tSHIALINVHYC TVIO3dS and
t1* = HSYT4H
2E€°01 = dLVHS
tv6c” = 43N0
£°062¢1 = A13N4H

0112900
00190
06990
0R900
0L990
09990
045990
0990
0E900L
(02990
G990
00990
064590
08G90
0L499U
00690
04490

106




$d3S 0€ NYHL NAC 10 WUHS NO ONIOYVHD JINVL (10D
$AVR 1€ NHHL 120 10 WOHd NU 441104
td3S 0€ NHHLI NN 10 WO¥d NO ¥ITIIHD
td3S 0 NYHL NNC 10 WOH4 NO ¢3INA3HIS 31vy
(P ripiEiEte e et ErtEtECEE L EEE P P iririb i)
= |3InQ4HOS 31vY ON3NIIM
t(rivivietetetetetetetetetetEtE e e Pty iririvir )
= 147 INQ3HOS ALVYH AVAXTIM
N AT AT AN BN Y Rl Al R R Rl A Rl R A At At At A At A At AF Ak 4]
= ¢3MNA4HIS HIVY CONIN3Idm
N CArAT AN AR Bl B Bl B Bl Rl Al Rt AP Af At At At At At At At AF D
= g4 NA4HIS HIVH AVANHdM

1L - v2 OL 00) FINAU3HOS YITTIHO AONINIIM

(1 - v2 Ul VLU) ITNAIHOS MATTIHO AVANSAM
R R R R R R R R R R R R R R R R R R R R BB
= 4 IN03HOS ONIOYVHI JNYL Q100 GNINH4m

O R R R R R R R RN R B R A Rl R R R A D]

08890
0L 590
09800
06890
0v800
UE ROV
02800
01890
0089C
06L9U
08190
ULL QU
09L00
0USL9U
Ov100

(I WA

02190

107




PEY TR TR

XERRRRFFN

o
-~

t(

!

860° = 1S0J LINN

TP

¢ e e

y 0 = JOYVHDO ANYW3Q
‘0 = AvO1 JV3d RONINIW
‘0 = JITHVHO ATHINOW ROWINIW

‘0 = 40JoV4 NOILIVIVOSI 1ISud
2Iv°E = LINN AOH3N3
sALIDIH1OAT3
s LS00 AOH3ING

$SHALANVYHYd 1500 4T10A0 3411 (N3

U
G

re O LI1COY

61 = 1S0Q HOHVYT LINN
Gc = 3417 103ro4d
ISHILAW YAV 1S0D JFT0AD F4I1

$3TINAHHOS N3
p¢ 0L OU)=HILYM JOH QONIX5dIM
10 0 ¢ve
11 Ol LU)=H3LVYM JTOH AVQI3dm

e g AR 2, 1 TR AR BT 2 e = SN .

05020
0v0L0O
UELLG
0c0Ln
01020
00010
06690
08690
0L &9U
09690
U690
09690
ot a0u
oznhoe
LiI69U
C0690
0669V

108




**0 = IS00 TINYHHIAO HOFYW 022L0
* VLS = THVYHYIAO HOrvN OL SHNOH 0lcLu
‘10° = 1S0D 002LO
*TEEUl = 3ZIS U61LU

s 43711084 081.L0

$1S00 ININGINO3I TVNLIY UL ILUL

FRRRERR LY 00110

$1.S0D AOHINT AN3I 0GILU

1G°L = NOILVTANI Ov1L0
‘0 = JOHVHO (INVWI( OF {L0 3
‘0 = QVOT XvId WAWINIW 0Z1L0
‘0 = JOHVHO ATHINUW WAWINIW U110
*0 = H012¥V4 NOIIVIVISI I1S0D 00 110
' £6°L = 150D LINN . ouul = LINN AOHINI U6ULLU
+ 1304 431104 08OLO
NP uLuLY

8y °1 = NOILVTNI 090L0




IURENRNLY

MV VIIVIN|
N
‘ou
‘roae
tTuuust

*0002

MV ¥ §V]
* *0000 |

**0pc

$ 70OV
$e0
‘o
se)

$ 00081

£1S00 IN3INGINO3 TVALOV (N3
= 34171

= JONVNIINIVN

= STIGYNNSNOD

= 1S00 TINVHYIA0 HONIW
IYHH3AO HONIW OL SHNOH

= 1S0D TNVHYIAO HOCYN

TNVHH3AO HOLCYR OL SHNOH

150D

371s
HATITHD ONILVOOHdIDIH

= 3411

= JONVNILNIVW

= SITHYNIISNOD

= J1S0J TNVHYIAO HONIW

= INVHHFAO0 HONIN OL SHNOH

06€L0
08EL0
OLELO
09¢tL0
06t 0L
OveLO
oceLo
02¢eL0
01elL0
Q0EI0
062L0
ngeLo
0re1ro
00710
06710
0v2L0

0£210

110




$LNdNI (N3 026.0

INOILMIH0S30 INVId TVHINID CNI 016L0
$INVId ONd 00GLO

$SHIALINVHYD LSOD HIHLO (NI 06¥L0

t°0 = JOI¥3d 08vLO
Y = 1S0D W3LSAS NV4 J1Quld3d ¢/ ¢L0 m
$£°0 = JONVNIINIVW W3ILSAS NV TIVAINNY 00¢#L0
t v = 1500 TIVLIdVD W3LSAS NVH4 06910

t°0 = QOI¥4d OvyLO

[

.
o~
-
f

S1SUD ONIUIINYG JIdOI¥3d 0EvLO
£°0 = JONVNAINIVH ONIQTINY TTVANNVY CZ¢L0
t°009U¢ = LS0J TIYLIdYD ONI(TIING CLyr o

$1SHALANWVHVYd 150D HIHLO OUPLU




APPENDIX B

BLAST INPUT LISTING FOR :
BUILDING 20050 i




NOSHIALLYd-1HOlHM = JSVE =& (L1100

WYHOOHd S138 8 Ad »» (0100

NOTLVHEdO 8NGH ve HATITHD 39VvHOLS d100 = ¢ LIV s 0S100
NUTLVHIdO dNUHZE 43TITIHD F9VHUILS 103 = 1 11V #» 010
ONIQTING ONILSIXd = 3SVD 4Gvd »»  0¢ 100

ON3 HOSH 140V = NOILAIHIS3O 1VD

5

02100 ”
tZ111€ = 3AOOLYD =+ 01100 ~

V0D = 3dAL T3nd #»» 00100

(4)  ONIQIIng  4SOdUNd-11T1NW »= 06000

113

$

K6Z¢ G = VIAHY 103rudd 10,210 $1 &
H6CCG = ONIUTINH 40 vIYVY Aldddodd 1vEd IYIol == 0,000
LOLy=L8L = HIHNON ZNOHd NOAOLNY *x  OULU
dOHAVAVYd=NATIHNNON = H4ANIUND »»  OGOO0

0S00C = YIHWIN ONIAOLINY *»  CpOLO

XTSRS PSR Y S 0t 000
*eNI=(IVI1 ONTGTHINt e 0Zonu

NERERERER R ELXEREER P EY 01000




*(AVONHHM *G6° = SSIANHYITO 0v£00

*9c¢= MIAQ *Let = SM *16E = SIHd *NVr 12 = 3Lvd 0€€ 00
‘2 = 4™ ‘¢ = MO *GZ= HOIH) = Y3INIM NOSYILLVA~LHOI&M 02£0C

¢ SAVA NOIS3Q 3NI43Q 01€00

t NOILVOUT N3 00€00

3(G = ZL*t0°p8 = ONUT *6p°6€ = IV1) = NOSHILLVd-LHOIYUM 06200

¢ NOIIVD0T 3NI43d 08200

t(d103 *WALSAS *SUvOT TI0D *STIVM) S.lHud3Y 0L 200

*INVId TIVHIN3D *SWILSAS HIV MIAN*SANOZ MIN s TOHLNOD NNOY 09200

114

$ LNdNI NIO38 09200

ARRERERNRE 0v200
FYRRRNNE NN 0EcW
02200
*» 01200

= HAMIIAZY WOOCVN **  Ww2W

J714Y = ONVAWOD HOCYN *x  Co 100
OIHU *NOLAVA = NOILVOOT ¢ (€8100

L e v




B s e a s TR e e

' STIVM AHVHOINIL

FERIPREBBRIIEI LY
] STIVM UN3
3 ( 4yod dA9 HO Y4LSVid NI vs€ = 12
* JONVLSIS3Y 30VdSHIV - 14
* JL44ONOD MH NI 9 - €10
' JLIHONOD MH NI 8 = 0OI1D) = I TIVMAN

: STIVM AYVHOIWIL

RARNRRERRRGHIELY
FERRRERERRB YRR ERRRRR PR R SRR RE RS RE R SRR R LR EE R R EFEE LRSS AR R RS XY
E "SAVU NOISIA 40 INOHD NI WIHL INd ONY 3dVI HIHLVIM »»
¥» 40 INOMd NI WOMA waxa JHL SAOWSH SNOILVINNIS YVd4A TINd V NOH OL »»
BAERBERENRREY RERRB AR N BN RRRE R R PP SRR ERE RN R R EE R YRR SRS RS R RSS2 S
! SAV( NOIS3Ad ONJ

ECAYONTIM *G6° = SSANHVIID

HEU ‘009 = SM *1Aar = GH¥d ‘ONV «I

41vd

U o= HM 2L = MOl Ces

]

HOIH) = H3INNNS NOSHALLVYA=-IHOI UM

014500
(L 110V
0600
0syoU
0LY00
($18] 40V
0500
(64400
Ot 00
Uc vyOL
0t y00
wrou
06£00V
UBEW
0L £00

oot wu

0s€00

115




e i

¢ NI 871 FIIL AH0D = ONIHOOTA HSINId) = (1 TI30AN

' S400YH AHYHOAWIL

FERRRBBFRRBRER R
$ STIVM aNd
s ( (4vod dAO 40 H31SYid NI v/¢€ - 13
* 4ONVISISHY d0vdSHIV - 18
* XOUTd 3LIYONOD MH NI 8 - 8D
* AD1HH HO¥d FSNIA NI v = 2Y) = €TIVMARK

3 STIVM AdVIOAWAL
PTYTTTR LSRN L LY
s STIVM (N3
t( (J4vod dA9 HO H41SVYId N1 ¢s8 - 13
y NI € d3adnod H4d14 SSV1O - NOILVINSNI

¢ AONVISIS3d FIOvdSHIVY - 14
¢ Il JILsSNOJY - <3
* NOUTIY HLAHONOD MH NI 8 =~ 80

* ADIHH 0V HSNIG NI ¢

¢V) = CTIVMANW

08900

0L90U
09900
06900
0v900
0£900
02900
01200
00900
06600
08600
01600
00600
06500
0y GO0
0€£%00

02400

116




* 3OVdSHIV ONITI3D ~ »3 06800
¢ JI3HONOD MH NI 9 - €10 0+800
* NOILVINSNI 3SN3IA NI ¢ - 98 0£800
. NI 87€ = ONIJOUY dN L1Ind = ONIHJ00Y) = 1400YAN 02800

] SH400H AHVHUANIL 01800
NENRGRREBERENEEY 00800

s SH00Y NI CG6L00

t( 4711 J11SNOQv - &3 08100

* JOVdSHIV ONITTIZD - #H oL

* 4L34INOD MH NI 9 - €10 €900 m
* Uvd SNOYHIL L3d¥VI = ONIHOOTd HSINIA) = <ZTI30AN G TRVY

g S400YH AHVHOAWIL Ov/00

Py FITS I TR YT Y S OgLVL
] SH004 JNd 02100

8 ( J1IL J1LSNUDY - &3 (A FAVY
* 2OVASHIY ONITTH) - vd 07100

* $L44ONVD MH NI 9 = £ 1D VAOLU




t NOSH3LLVd-1HOIYM = NOILVOOT 02010
te OG0UC ONITING 40 SISATIYNY AOHANTw = 103r0Hd 01010

$SHOOTS N3 0VO 10

$0UVd SNUHHIA L3dHVD = ONTHOOTd HSINIA 06600
*JLIHONOD MH NI 9 - £1D 0R600
*30VdSYIV ONITIFD - 3 0L600

*FTIL JI1ISNUJY = G3) = CHOOTJAN 09600
8 SHOUTA AHYHOANWNIL 06600
$  SHOOId N4 Ova00

118

t( avd SNuHAld L3dHVO = ONITHOOTd HSINIA OF 600
. NI 271 | QUONMGHYH - (QOOM 02600
* JLIHONOD MH NI 9 - €10 01600
* NI 21 IHId) = HOUTAANW U600

t SHUOTId AHVHOAW3L 06800
RN E oRBOC
¢ SH4OUY ONF UL 80U

t( 47115 911snudv - 63 09KGH)

Ch v s L. - ol




e

O  ta dacar S I - = e e

t(

$STIVM HOTHIIXT
>
¢S AY 9G1) ITI4OAN (S) ONIOVA
$SONITI3D
o
ONIM 1447 INSN3SYE o | 3NOZ
SRS T IER T T YA
$0 = SIXY HLYUN

$081=5°0L2=M*06=3*0=N sSNUISNINI(
o ONJ HOSYH 140V uguuZw = ONIATINH

$NOTLdIHOS3ad ONIATIINY NiO34

HEERFRRENERR R FBER R RRER

*¥NUTLdLHESHU ONTUTINH»*

AR FERRPERERBBAREERRRRIRRY

S P rGtnG eyttt Yt Lottt 0P obtOptZhiZy) = SAHNIVHIAWIL UNNOHO

tA-la s NGS P4 ved=THOT Mu

]

8 DHL O NHHL 89 NV 1O BOHY 3dVL Y5HLIVIM

CHILNIM NOSHAILVA=LHOIHM = SAv( NOISI( »»

06110
ogl110
oL1o
09t10
0oGg110
(S AREY
oo
Oclitu
oo
00110
060 1C
0RO O
cLoto
0010
06010
ovci10

0£010

119




i e e g e T R B - v » o -
‘ M ey o

i - .. .-
't

*x 00L10

1 ( 6 Ad ov) ECNOILIIHYD (N) ONIOVS 06e 10

$SNOILILYVd orelo

¥ 0€E 10

t(UU) LV ( & Af 9) 02elo

H00A JuoMm AI70S 3dAL H0 S¥oOd 0OlE10

HLIM (G*U) 1V ( £ Ad  G°6) 00f 10
MOGNIM 3NVd 378000 HdAL H0  SMOAONIM 06210

HLIM ( 6 A8 2s) ITIVMAN (M) ONIDVH ORZ10
*(0*0) LV ¢ € Ag o1) cLzio

MOGNIM 3NVd T19N00 3dAL 40 SMONIM 00210

HLIM ( £ Ad 8¥) ETIVMAN (N) ONIOVS 0Gzie
‘( 9O AH  CE1) FTIVMAN (N) ON1OVH orz10
*(0*0) LV ( 0"t Ad ee) 0f210

MOINIM 3NVd 379000 AdAL 40 SMOANIM 02¢10

HIIM | £ AH Ly) ETIVMAN (S) ONIOVS 0t1eto

' 6 AH 1 TU6) FTIVMAW (S) ONIOVA 0oocto




[}

2

Tu H3IN3D INIWISVH w»w 2 3INOZ

e St TP P
taN3
t ONTIHOI|L 401440 *Lic = NOLLVHLIT 3N
$ AONVdANIO0 TWITdSOH *Ov = INIW4INO03 OI41D23713
ONIIHOIT 321440 *0s = GILHIIT
s AONVANID0 3I1440 *2I = 314034

SONTTIO0D9 L *ONILV3IH LE1)

HHONYH CNTTILIOHHL TIvNd HLIM NOVH1IS dHNIN3IM GNY LHOIN = STT0HLNOD

$(

t(

¢S AY

6 AY

t AY

cS)

oG 1)

*x

%

THOOTHAN (F) ONIOVA

tHOOTd JAUVHO NO HVIS

UTIVYMAW (N) ONIODVA
I'TTVMAW (N) ONIOVA

$STIVM LNINW3SVE

0€£6G10
0¢sl10
olglo
00610
U6 1o
08v i
oLvic
0o9v 10
(KR ALV
ovr 10
UEY IV
nevio
Olviu
0010
Ut 1l
OREH10

0Ly v

121




HLIM ( € A8 89) ETIVMAN (M) ONIOVH TR
‘(6 A4 GB) ITIVMAN (M) ONIOVS 06910 . 4
*(0*0) IV ( €A G2) 089 1L |
W MOGNIM 3HYd 3718000 3dAL 0 SMOGNIM 0Lo10 ,
HIIM ( € AH  E6) ETIVMAN (3) ONIOVS 09 LU
¥ p A E°1E) ITIVMAW (3) OMIOVA 06010
*(0*U) IV ( 8 A8 9) ovoIL
4ood doom dIT0S 3dAL 40 SHLOQ 0t9l0
W HIIM (U*0) IV ( G A L°9) uZ91U |
! MOUNIM MH INVd FTONIS HdAL 40 SMOONIM 01910 S |
HLIM (U*0) LV ( € A4 8) 0091V
MOONIM 3NVd 316000 3dAL 20 SMOANIM 06510
HLIM 6 Ad () ITIVMAN (S) ONIOVA UKSG 10

sSTIVM HOTHIIX3 0 Glo
Ny u9Gtu

$( 19 AH 10t) {TI30AW (S) ONIOJVAH 0sc 10

$SONITEAD urstu




: ADNYANOOU “IVLIASOH ‘1t = INIWdIND3 21410313 0L 810

' ONIIHOIT 401440 ‘*ev = SIHOIT 09810
s AONVANOOL JD1d440 *9f = F1d03d 06810
$ONT'100206 | *ONILYAH LL8 Gv810

Y OSHONYH ONTILLOYHL IvNd HLIM NOVEL13S ANIXIIM ONV LHOIN = STOHLNOD 0O€810
s 02810

t(ty Ad 104) LHOOTHANR (3) ONIOVA otglu

sHOOT4 AdvHO NO 4Y11S 00810

r 06L 10

123

t( S AH 101) LTIVMAW (N) ONIDVA 08L10
sSTIVM LNJIW3SVY oLL v

¥ 09710

1 ( 6 Ad ov) EZNOILIIHVd (N) ONIOVA 0G6L 10
ISNOLLILYVd ov/ 10

xx 0€eL 10
t(O'0) LV ( £ A8 ) ocr o
MOUNI M 3INYd 4718N0G 4dAL 40 SMIXINIM 0121¢




‘(u*V)
MOUNIM MH
HLIM (0*0)
MOONI M

HILIM ( 6 Ad
*(0°0)
MOONIM

HLIM ( 6 Ad

8 4°UG AQ

Sor

ONTLIHOLT 2401440

1y « 6 A8 8°tl) 0y020
INVd J719NIS 3dAL 40 SMOANIM 0€£020
1v ¢ 9°9 A4 9G) 02020
dNVd 3776900d 3dAL K0 SMOONIM otoz20
Zevl) CTIVMAW (N) ONIOVA 00020
v ¢ 9°9 A4 av) 066 10
ANVd FT4000 3dAL 30 SMOUONIM 08610
oti) CTIVMAN (S) ONIOVH 0L610
sSTiVM HOTHILXT 00610

¥ 06610

ctt) C'LI30ANW (S) ONIDVA 210
SSONITI3D  0E610

¥ 4N

OM 14377 40074 1SHId w € 3INOZ 01610
RENEREERE RN R X owslu
t(JNI  C6RIO

‘ELL = NOILVHLTIANI ussiv

124

S e —



SHONVYH ONTILLOYHL “1vna HLIM XOVE13S ANINAIM ONY IHOIN = STOHLNOD

ONITIHOIT 301440 ‘01

8

HLIm (

‘04 A8 crl)

$GN3
ONILHOIT 321340 ‘9101

= INIWdINO3 J141D0T13
ONIIHOIT J0144C¢ *1g = SIHIIT
s AONYANIO0 3D1440 *Z¢ = 3id03d

$ONITT00DE8 1 *ONILVHH v2e

'Y s
CHOUTHAN () ONIODVH
$SHOO T
»x
6 AY 0S) EZNOUILIIHYd (N) ONIOVS
tSNOILILYVd
»y
$(0%0) LY ( 9°9 AH G°pl)
MOCNIM SNVd JHHN0C HdAL 40 SMOGNIM

6 AH  4°09) CTIVMAN (M) ONIOVH

= NOIIVYLII NI

0t eco
00 ¢20
06120
a8t eo
oL 2o
c9oteo
06120
ov 120
UE icV
0c¢ico
oticu
00120
06LCU
BOCO
0LLCO
09020
usLeu

125




S3dvHd HLIIM 3NVd FIONIS 3dAL 40 SMOONIM
HIIM ( 9°G Ad 96) UTIVMAN (M) ONIOVH
sSTIVM HOI¥3ILX3
>
$( 9°8E A8 96) I'TI30AN (S) ONIDVd
SSONITIID
»x
Tu INGW3SvE HINUS « G INOZ
LIS S S Y Y
tanNg
3 ONIIHUIT 401440 *0%¢ = NOILIVHLTIINI
t ONIIHOIT 401440 ‘el = SIHOIT
$ AUNYdNIOJO0O 401440 *g = 3id03d

$OUNITIOND1 G *ONILV3H 00
' SHONYH ONDIILOYHL IVOU HLIM XOVHIAS (UNAX33M ONY IHOIN = STOHINOD

Y]

$( Uy AH £6) CHOUIAAN (3) ONIOVAH

08¢£20
0L€£20
00€20
0G€20
(14 ¥4V
0ge 20
0ceco
01€20
Wwecv
062¢0
u8lcu
0L¢co
u9ecu
06¢20
Opccu
0t eco
Oc¢ece v

126




tONT 064920
' ONILIHOI'I 331440 ‘*vee = NOILVHL1IANI O#G2C
s ONIIHOIT 301440 ‘ol = INIWNDINO3 DIYLITIA 0£G20

s ONIIHOIT 301440 *0g SIHAIT 02620

1 ADNVANI20 FD1440 *ge Fid0o3d 01620
$ONITODIG T ‘ONILYHH 8oz 00620

' SHUNYH ONDILLOYMHL TTYNG HLIM XOVE13S GNIN3IM ONV LHOIN

STIOHINOD 0620

% 08920

2 G°LY AH cc 1) CHOUTTHAN (3) ONIDJVA U7 vcu
1SHOUTA 0920 m

¥ V1] T4V

$( 6 Ad Ov) ECNOILILYHYd (N) ONIDVA ovv2oe

SSNOILILYVd QR 74V

A oZvee
$(0°0) LV ¢ 9°9 Ad 29) 01e20
MOONTM® ONVYd 214000 3dAL 40 SMOANIM o0 v20

HLIm ( 6 Ah ccl) CTIVMAW (N) ONIOVA O6ECU




HLIM (

HLIM (

HLIM ¢

t(

xy
$(0°0) 1V ( 9°9 Ad LS)
MOONIM 3GNVd F14N0AQ F4AL 40 SMOANIM

S°8 Ad 86) CTIVMAN (M) ONIOVH

*(0'V) LY ( 979 AY 8v)

MOUNIM 3NVd 3779N00 3dAL 40 SMOONIM

S8 Ad 86) CTIVMAN (3) ONIOVA

*(0°0) LIV ( 9°9 A4 2¢)
MOONIM 3INVd J3T7dnO0 3dAL 40 SMOCGN IM

$°8 Ad 2s) CTIVMAN (S) ONIOVH

tSTIVM HOTH3LX3

»

66 Ad <Y) C'TIFOAN (S) ONIDVd

$SONITIAD

»¥

OM INJO HOOTA JSHId w G 3INOZ

LT YT YITTIRY EY SR

0¢Leo
0iLe0
00L20
06920
08920
0L920
09920
05920
ovQ2o
0€920
02920
o190
woco
06620
LEGCU
01620
0962 U

128




1S400 Y 06820

x¥ 08sC0

Twr OM L4371 HOuTd4 ANODJIS o 9 3INOZ 01820

FIY T T ERRARE ] 09620

tAN3 06820

¢ ONILHOIT 301440 ‘62t = NOILVHL1I 4Nl 0p820

$ ONTIHOIT J0Id440 * 11 = INIWdINO3 IIHLIOFIT 0E€RCG
s ONIIHOI'T 21440 °*o¢ = SLHOIT 02820

¢ ADNYdNIOU 3D1440 °*Lt = F'1ldo3d 01820

$ONTTTO0DC9 *ONILV3H Lu2 00 €20

Y OGIONVH ONT LLLOHHL TIVNG HLIM XOV4L3sS (N3IN3IIM NV IHOIN STOHLNOD 06120
2] 0R8L20

1 ( 66 AY c9) CHOUTHAN (3) ONIOVA urLco
1ISHOOTS 09720

¥ 0slcu

t( G°8 AH St) EZNOILIIYVd (N) ONIDVH ovLeo

tSNOILILYYd  UEJ2U u




MOUNIM MH

HLIM (0O*'0)

ONIOVA |

$SNOTLILYVd

¥

8(O'0) LV ( 9°9 Ad G°vl)

MOONIM 3INVd 3718N0A FdAL 30 SMOANIM

6 AH  G°U9) CTIVMAR (M) ONIDVH
‘(0*0) 1V ( 6 A8 8°tl)

3NVd JIONIS d3dAl 40 SMOANIM

( 9°9 Ad 99)

anvd 2718700 3dAl 40  SMOGNIM
LEL) CTIVMAN (N) ON]IDV4

( 9°9 Ad 8v)

INVd 4718N00 3dAL 40 SMOONIM

901) CTIVMAW (S) ONIOVd

1STIVM HOTHILIX3
£ 2
LEL) 1 400 HAN
vust v U) 1V ONILYVIS

09Ut0
0s0t0
ovutu
QE0E0
2ot
010t0
ouutEo
06620
uB6CU
0L620
0960
06620
Uv6co
0t 620
0g6lu
C1620
Q620

130




Por—— e

»

SHONVH ONT LLLOYHL v HLEIM JNOVEL3S dANINIIAM ONV THOIN

$( L UY Ad

L

(S) ONIJVH (

ooes*

¥

T Y LY Y Ty

o* 0) LIV 9NI1HVIS
$SH00H
OM IHOIY HOOTd GNODJ3S w L 3NOZ
$aN3
*geol = NOILVYL1IA4NI

ONILIHOIT 321440

ON [LHOIT 3031440

$ONTT10009L

‘ol = INIWdIND3 DOIHLIOFIH

ONIINOIT 201440 *09 = S1HOI1]

AONVANIOO FJ1440 ‘e = J1d03d
‘ONILV3H 692

= GTOHINOD

Lel)

Gq%)

»

'Yy

CHOUTHANW (3) ONIOVA

1SHOU T4

ECNOTLIIHYd (N) ONIOVA

otceo

02¢¢e0
0ice0
00¢2¢£0
06180
081€0
oL €0
091£0
06 1¢0
orteo
Qeleo
ozten
otLeo
00 1€0
Co0en
080¢0
0/,0¢0

131




ey T e

2 (

>
$( 6°0G6 AH Lci) CHOUTHANW (3) ONIDVA
1SHOO TS
»
6 AY ov) tCNOILILIYVd (N) ONIOVS
$SNOILILYVd
.
6 Ad Lcl) CTIVMAN (N) ONIOVA

$(

HLIm (

HLIM (

$(

(O'0) 1Y ( 9°9 Ad £1l)

MOANIM akvd 478000 2dAL 40 SMO(INIM

6 Ad  G°09) CTIVMAW (3) ON]IOVH

*(O*u) LY ( 9°9 Ad 69)

MOUNIM JNYd 31dN0U 3dAL 40 SMOUNIM

6 AH 901) CTIVMAN (S) ONIODVd
tSTIVYM HOTHILIX3

x%

G704 AH Lel) 1 OO HAN

000
U6EEUL
08¢te0
0LEeE0
09¢€t0
cotev
oveeo
OtEL v
02et0
VIEEU
00¢E0
L6cEL
082t0
(VI XAXY
09¢ct0
UGCtU

Ovcto

I




MOONIM 3NV F19n0d 3dAL 40 SMOONIM
HIIM ( G6°8 Ad 2s) CTIVMAN (S) ONIOVA
tSTIVM HOTIHILX3
¥
t( 66 AY ¢s) OO HAN
(S) ONIOVH ¢ 006° o' 0) LV ONILHVLS

$SH00H
»y
tn OM TIVHINTGD 40014 ONOD3S w 8 3NOZ
PTRF T E XN EEE YR
tON3T
$ ONIIHOTTL 301440 *296 = NOIIVHL1IANI
t ONTLHOTT 331440 ‘ol = ININdINO3 J14L0313
3 ONITIHOIT 401440 ‘€ = SIHOI
s AUNYANOOL 301440 *¢e = F1403d

$ONITTOOI60C *ONIIVHH vIE

SHAONVA CN DI GART IVNG FLIM MOVHLIS (ININTEM GNY LHOIN STOYTINOD

0L SEO
0ost0
065 £0
0vse0
O£ Gto
0eGto
01G€0
00GE0
06vE0
101214 X0)
0/.v€0
0oveEC
0sve0
Ovvtu
0oeveo
uirEu

0lLee0

133




! AONVYANIDO FDId440 *L14 = 3'id03d Ov.tO0
tONTT00D 1 ee *ONILY3H GE€ 0eLt0

* SHONVY ONDILLOMHL 'IVRA HIIM NOVHEL3S ANIXIIM NV IHOIN = STUHINOD 02/ €0
% 0LLED

L 66 Ad és) CHOUTHAAN (3) ONIOVA 00 E0

tSHOOTd  069€0

- 089€0 !
$( '8 Ad Gt) EZNOTLTILIHVd (N) ONIDVA 0L9¢t0 WJ
tSNOILIIYHV U9VEL “,
¥x 0Gof 0 = .
$CO%0) IV ( 9°9 Ad LG) UPoOtU
MOONTM INVA FIHNOO FdAL 40 SMOONIM 0€Qt0
HILM ( 9y AH 66) CTIVMAN (M) ONIDVA Ucof U
Cotu) IV (99 AH 8gy) 019¢€£0
MOUNTM ANYAd STJHN0O0 3dAL 0 SMOONTM UUYEL
HLIM ( G°8 A 66) CTIVMAW () ONIOVS 0660

*(L'Y) IV 9°9 A4 <c) uBLt U

A3

2 ——_————— o ® pr—— ™




AR NRBEEN
' 2 *r  S3INOZ ONIAH3S
" INJISAS NV4 ANUZILTINN wl W3LSAS INOZILTINW
| NAISAS *»
ENOIIdIHISIq WILSAS NVHd NIOdg
BRpRERN PR
EARRRRRE N
222X YL 2 i
NN RRRNRNN NN
£ 2
PTITI TR P R L E TR Y
INOILAI¥OS3 ONIATING AN3
RARRBBEEN RS R
t (NG
s ONIIHOITT 401440 *6c¢tL = NOILVYLTIINI
$ ONTTHOLTT J01:440 *t1 = INIWdInna HI1¥103713

t ONILIHOIT 2401440 ‘0Ovy = SIHOT

016tV
006£0
L6KEU
08g¢€0
01 8€0
00RE0
0s8t0
0ov8eo
VEREV
0¢Re0
oi1s8tu
008e0
U6LEU
ORLEO
uLLEL
GoLE0

UsLeu

135




e

L = AOH3IOId443 NvYd4 Alddns
(VR ¥] = JUNSS3Hd NV4 NANLIY
1 = JHNSSHHd Nv4 ISAVHXI
v = JUNSSHUd NVH A'lddNS
Wvils = AlddNS AQHINT T100 ONILVIH
ouue tvE = ALIOVAYD 1100 ONILVIH
ISHFIINYHVL WIALSAS HIHLO
PR T TR
QN3
] U = IRNT0A 41V 1SNYHX3
t°0l6t = INNTOA HIV A14dNS
12 ANOZ Hod
PTY SR EY
$rN3J
t 0 = HWNTOA HIV JSAVHXI
t1°5p6¢L = INNTOA YIV AR1ddNS
tl JNOZ Hod

080v0
0LOYO
090v0
0s0v0
0v0Ov0
UYL
020v0
010p0
0000
066EL
0B6L0
ULGEC
096€0
0GAEU
ov6to
0t 6£0)

026¢0

136

PP L5 e

v —



44LVM JOH = AlddNS AOY3N3 LV3HiHd» 04¢v0

L = AONIIIJI443 HINHNE SYH 0Ov2v0

P 9V = JYNLVYHIAWIL LVAHIYd»+ OfcvU

JNON = NOILvYOOT 110D 1vIHddd»» 0¢22v0

LN3OHAd JddXid = TJOHINOD HIV (IAXIN UlcpU

(1°=9Z VUL 0Q)

4INUFHOS HIV JAISINO WAWIXVW UN3N33IM 002¢0

(1*=vc OL W)

FMNAIRIS IV 3QISINO WAWINIW ONINIFIM 0610

(1°=p2 0L 00) 4NA3HOS HIV JAISLNO WANI XYW AVONHan Oglv0

(1°=pC LI LL)

FINAGHIS HIY HAISLNRO WARINIW AVANAIM OL1v0

(0L 1v 0L ‘o 1lv orl) = FTHA4KOS 104INOD 33U IOH 09140 m
vl = JONVH ONITILLOYHL X034 10H 0S1p0
U1 JORINGD HIV F(1SLNG = TJOHINOD NOHQ JOH Oty
vl = JONVH ONT'LLLOYHL X031 10 Of Ly
9% = JHNLVHIAWIL NO4Q a770D 02iv0
frilud 15 daxl4 = JOHLINGD 230 a102 0Ll $0
L = AJDNFIOI443 NVd4 NYNILAH OC L0

L = AONTIDIH43 NVJ LSNVHXI 0A0v0




t ‘L = JLVH MOT4 INATOA H31VM OZe¥0

J GlLe = ALIJOT13A HAlVMm LIy
¢ 53] = JHOLVHIINIL H3LVM ONIAVIT 00vvO
s 14 = JYNIVHIIWIL Y3LVM ONIHILINA O6EVV
¢ L°<s = JYNLVYIINIL 91Ng 13 YIv ONIAY3T OBEVO

AHNLVHAdWEL €104 AHQ HIV ONIAVAT OLEvU

L. 4
o
o
]

L _J
<
L )
L}

JHNLYYHIANIL 4ind 13M HIV ONIHIINT 00tvC
JUNLYHIdWHL 9In8 AHU IV ONIH3IINI USEvUL

L 4
Y9l
«
[}

' v6Y = ALID0TEA 30vd HIV Ovfv0 .
t L6E = 34NSS3dd J1HIINOHYE OEEYU i
: *Gu 8 = JLVH MOT4 SRNTOA HIV OZEVO
' HALVM (4TTTHO = 3dAL TI0D UIEHC

sSHEIANVHEYd NOIS3A 110D ONITW0D 00F ¥0O

PYTTYY LR Q62PU

tSHYLINY HYA WILSAS HIHLO UNZ 042v0

$ ANON = 4dAL HII41QINNH** 01 2P0 i

i uo ALLOVAVD ‘110D LviHdldds» 002v0




.

14 W3LSAS #+

YR T R T
NERFERAEY

$WIISAS dN3

$S3TNAaHOS LNINAINO3 ONd

' dis 0t NHHL NAOT 10 WOY4 NO ALIOVdYD ONITOOD

t AVW 1€ NHHL JO0 U WOdd NO ALIOVdYD ONILV3IH

(NO=¥Z OL 00) = JINAIHIS ONITOOD GNINIIM
(NO=vc 0L W) = ' TMWUaHIS ONTTO0D AVUXIIM
(NGO=FZ OL W) = 4'NJ4HOS ONILVIH GN3IN3IIM

(NO=PC UL LVU) = 'INAaHOS ONILVIH Avai33w

410 = #< OL W)

dINGIHIS WILISAS UNINIIM

NGO = v OL wu) FINU3HOS WALSAS AVUXIIMm

INSILTWHALNI = NOILVHIdO WALSAS
IGTUNA3IHIS INIWGINOT

PEYYY TV Y]

$SYATANVHYA ROTSAG 1100 ONITTO0D (NS

0660
086b0
0LGYU
09440
uSs ko
0vGv0
19: 2.9 JV)
0esvo
Utisvy
00 G40
V14 4V
08v+0
uLrru
0o vr0
(0 44V
1004 44¢)

UEPP L

139




F

t°082%
INNRRRREE
$°0G6Y
PR YT e ey
[
£ 096G
XRRRREERYE

" ¢ WALSAS NV HNOZILHIN e

$ ON3
0 = JINNTOA HIV LISNYHX3
= INNTOA HIV AlddNS

$G  INOZ HOA

tCON3

0 = 4NNTOA HIV LSNVHX3I
= dNNTOA HIV A'lddNS

sy dNOZ HOd4

t (N3

O = IWNTOA HIV 1SNYHX3I
= INNTOA Y1V AlddNS

st IANOZ Hod

S ‘v 't S3INOZ ONIAYH3S
WALSAS dNOZILTINK

09/v0
0sLvC
ovLv0
OtELYO
0eLvo
0l1Ly0
00 L0
069+
0890
0L9v0
0990
059vC
ovotv0
0t ov0
02ov0
019v0

00 ov0

Nblnse s AL n s 3

140




'4

- e o e ——

(1°=p2 OL 00) = FINAIHOS HIV JAISLNO WAWINIW AVANIIM

(0L 1V OL *0 1v Ot!l) = JINA3IHOS TTOHINOD 3030 10H
ul = JONVY ONITLLOHHL X03Q I10H

Q3 TI04INOD HIV 3AISINO = TOYINOD %2d4d 10H
01t = JONVY ONITTLLOHHI 3X03a 70D

1537 = J4N1vYddwal N03a 4100

INIOd L3S q3xIid = TOHINOD X¥23d d7ud

L = AONZIDId4d NV4 NyNL3y

L’ = ADNIIOId443 NVd ISnNVHX3

L’ = AON31J1443 NV4 A’lddNS

0°0 = JYNSS3I¥d NV4 NHNLIH

| = JHNSSHHd NV3 1ISNVHXS

(VA4 = JHUNSSIHd NVH AddNnS

Kyals = AlddS AQY3NI TI0OD ONILV3IH

obucire = ALIOVdYD 1100 ONILV3H

sSHAIINVUYd WILSAS HIHLO

PEYeY ey LY

0E6v0
026v0
Otev0
(114
068 ¢v0
1815170 4V
018v0
09 &¥VL
0a8v0
101421 4Y)
%21 40
ucsPbu
olev0
0usr0o
0617 +0)
o8Lvu

QoLLYO

141




! O6v = ALIDOTIA 3JVH HIV 00140

J L6t = JYNSS3™d DIHLIINOYHYE 060G0
$ ‘06191 = 3JLvd MOTd INNTOA HIV 08060
¢ HILYM QI TIIHD = ddAL TI0D 0100

$SHILANVYYd NOISIA TI0D ONITOOD 090€0
EBENERNEY 0G60G0

$SHIALANVYVE WILSAS YIHIO (N3 O¥0G0

¢ INON = 3dALl 43141AINNH»»  0£0S0

s 00 = ALIOVdVYD TI100 1ViHddd»» 02060

¢ H31vM 1OH = AlddNS AOY3INT 1V3H3Yd+» 01060 m

t L = AONIIDId443 H3NYNg SYO 000%0

s v°ov = JYNLYHAIWIL LVIHIYd¥+ 066+0

t FNON, = NOILYOOT TI0O 1VIHiHd»» CGEaPL -
t INFdH3d a3xid = TOHINOD HIV O3IYIW OL6YC

$ (1°=v? 0L 00) = FINAIHIS HIV AQISLHO WANIXYR ONd4N3:H4® 00680 ]
t {(1°=v¢ U1 W) = JFINGIHIS HIV FAISINO WANINIW ONINFIw® 0G6¢0 |
' (1°=v¢ 01 V) = A'INGIHIOS HIV AAISINO WANIXVW AVAIIAM Ov6v0




v mtm O

(NO=tZ 0L 0U) = JINAFHIS ONITO0D AVANIIM

(NO=-vZ OL 00) = J7INAIHOS ONIIVIH CNAX3aM
(NO=-¥Z OL 0U) = JINAFHIS ONILVIH AVOINFIM

440 - v2 01 00)

ATINCIHIS WILSAS ONANIIM

NO = vZ 0L VL)

FJINOFHIS WALSAS AVAX3IM

INFILIWHAINI = NOL1LVH3dO W3ILSAS
$STINAIHIOS ININGINO3
NARFEERXRE
$SYILINVHYC NOISIA TIOD ONITOOD (NI
‘el = JLVH MOTHA INNTOA HIIVM
G6lé = ALIDOTIA HILVM
153 = JYNLYYHIAWAL HILVwM ONIAYIT
114 = JUNLVHIdWIL H3LVM ONIHIINS
L°¢G = JHALVHAdNIL g1 LIm HIV ONIAVI]
a6 = JYNLVHIAWIL 4971Nd AHQ HIV ONIAV3IT
vo = 4HNLVHIdWIL 94 1.3M HIV ONIYIINA
48 = JHNLVHIAWIL 97IN8 AH( HIV ONIHAINIT

07260
(39260
067260
0v2ae0
0£2460
02260
01260
00c<O0
06160
08160
01 160
09160
06160
Oy 160
Cf 160
Uc tql

(I RR-Y

143




£ INOZ HOd4 OvvrSO

PYP Iy TR Rl 0¢ vG0

(N3 0Cvs0

t 0 = IWNTOA HIV ISNVHX3 01 v+QO
1°GELS = ANNTOA HIV ATddNS VOGO
59  INOZ HOJ 06£50

ENRBERENN 08£.50
] 8 ‘L ‘9 SINUZ ONIAHIS O/ €GO
" £ WHISAS NVd ANOZILINW o€ W3LSAS dANOZILINW 09€G60

13 W3ISAS *» 0GFG0

RRRRERENE OveEGO

NERP LR P X (oI X X 10

ENALSAS (N3 0CfSU

$SAINAIHIS INIWAINOT (NI CILECO

$ d4S 0t [IHHIL NAOC 10 WOHA NO ALIDVAYD ONITOND WESO

$ AVW 1E NHRL 120 10 WOH4 NO ALIDVAYD ONILV3H 062G0

$ (NO=-FZ 0L 00) = H7INA5HOS ONITOOD AN3NI4M 0 SU




T . - c—- - .

J L’ = AONIIJI443 Nvd ISNVHXI 01960
s L® = AON3IJ1d443 NVd4 A1ddNnS 0V9G0
¢ 0°0 = AYNSSIHd NV4 NHNIFH 06GS0
t l = 3HNSS44d NV4 ISNVHX3 08SG0
¢ 0°¢ = JUNSSHHd NV4 AlddNS 0LGGO
$ Wv4ls = A1ddNS AOYINd 110D ONILV3IH U9GSU
¢ oouelve = ALIOVAYD TI10D 9NILIVIH 06650

3SYILINYYYd WILSAS HIHIO 0PGS0

RRRRERRER 0€G60
$ (N3 0CGSU

$ 0 = 3WNTOA HIV ISNVHXT 01GS0

t$rogCL = INNTOA YIV ATddNS VLSS0

8 3INOZ HOH 06YG0

rARRPNNEY U8 VGU

4 taNT 0LYS0 {
t O = INNTOA HIV LSNYHXT 09vGU
70189 = IWNTOA HIV ATddNS 0GbG0 g




0°u

H41Vm LOH

e

v ov

3NON

IN3OH3d Q3xid

(1°=pc 01 wU)

(1°=y¢ 0L W)

(1°=pl OL W)

(1°=p2 O 00)

(UL LV UL *u LV url)
Ol

AaTIOHINOO dIVv FUIsSLno
01

44

INTOd 1AS G3X1A

N.c

ALIOVdVD 1103 1V3HIUd»»

Aldd NS AOM3INI LvIHIHd»»
= AONJIOId443 H3aN¥ng SvO
= JYNLVYHIINIL LvIHIHd»»

NOILVOOT TI00 LV3IH34d»»
= TOYLNOD YIV GIXINW
4 INU3HIS YIV 4dISLNO WNwIXYN ON3IN33IV
FINAIHIS IV HAISING WNNINIW ONINIIM
FINQ4HOS HIV HATSLOG WAWIXYW AVax33v
4INA4HIS HIVv JATSLNO WANWINIW Avai3am
= JTNA3HOS TOYLNOD 42304 IOH
= HONVH ONITILOYHL X034 I1OH
= TTOHLNOD I3 LOH
= JONVH ONITLLOYHL N03d (7100

JANLVYIdWIL N03a a100
= TJOHINOD N03a 7100
AONIIOId43 NVd NUNLIY

08150
07160
091,60
06160
(Y JA°1Y)
0tlG0
Lclsu
01160
00 LSO
06950
ogogu
01960
09960
06060
OveGo
0fogn

02eG0




$SHIALANVYHYd NOISIA TIUD ONITO0D (IN2 0GAGO

? ‘0| = JLVH MOTS IWNTTOA HITYM Ov6S0
' GlLe = ALIDOT3IA HILVM 0£6G0
¢ GG = JYNLYYIIWIL Y3LYM ONIAVIT 02650
! 114 = JUNLVHYIANIL HILVM ONIHIINI O146G0O
t L°CG = JUNLYHIINIL g1ng I3M HIV ONIAVIT 006S0
t G5 = JUNLVHIANIL 4InG AHQ HIV ONIAVIT 06850

<
<
n

JUNLVYI4AWIL 97TIng 1AM HIV ONIYIINI OmsuSO

B e

L
[Ta)
<<

[}

JANLVHIAWNIL 4ING AHU HIV ONIHIINI 0/ 8GO

' 13 = ALIDUTHA 3OV HIV 09860
m 4 L6E = HHNSS3¥d DIHIINOHYE 0G8G0
m ! *GLL6) = 3IVH MOTd IANTOA HIV OpeSU
, ! H9LYM Q3 TTIHD = 3dAL 110D 0€850

ISHILIANVHYd NOISIAQ TI0D ONITOOD Ce8SU

FYETYY Y Y 018G0

$SHALANYHVA WALSAS HIHLO (NI 008G0
! INON = 3dALl H3T4IAINNH» 06190




(T3
—~

RERNEENE R

RERRRNERN

$ dis ot

t AV L E
(NO=t< 0L V0)
(NU=v<C OL O0)
(NU=pC UL VL)
(Nu=t¢ 0L 00)
440 = v¢ UL wu)
NU = vZ QL OU)

INALLIwHALN]

P EIYRY

ENOILAIHISAA INVId “TYHINID NI1938
tNOT1LdIHOSIA WILSAS Nvd ON3

tWILSAS ON3

ESITINAFHOS LNIWAINDI GN3

HYHL N 10 WOHA NO ALIDVAYO ONITOGI
NHHL I00 10 WOHHd NGO ALIOVAVD ONILV3H
= F'INA3HOS ONITOOD ONIXFIV

= JINAIHOS ONITT00D AVANIIM

= 4°INAJHOS ONILVIH (NIXATM

= FINUFHIS ONIJVIH AvaN3IIM

AINUAHOS WIALSAS (NINTFIm

JTINGIHIS WIALSAS AVANTIM
= NOLLVH3IdO WALSAS

tSHINAGHIS ININAL ND3T

0c¢ 190
01190
00 lou
06000
0ROoU
040900
09090
06000
Uyu9U
0£020
U2 uU9U
N 1000
wououv
06660
CHAEG0
0L6G0

U9 AGU




NERRERENY
$NOILDAT3S INIWDINOI (NS
1°0pr | 4215 4o HITIITHO ONILYJOOHdIOAY |
LRV VTl 4Z21S 40 qairog 1

tNOILI373S ININGINOA
¢ €°C2°1l NWILSAS ONIAY3S
" I WAISAS LINVId TTVHIN3D«w 1| INVd
$d103 (N3

tw1VOOw = 3dAL 1304

$4ONT HOSH 1d40Vwe = 3SN

tuNOSHIYLLVd~LHOIHMw = dSVH d040d4 HIV

$w0G002u = HIAAWNN ONIATINA

$wd1d¥n = WOOIVNW

t86¢¢G = VIHY ONIQTING
tSHALINVHY] 4103

XRRNERRRY

EITTT TR YA

06¢90
08¢90
0L 290
00290
06200
0¥290
0£C90
02290
01290
00¢90
06190
08190
0L 190
09100
06 190
Ov 190

ot 190

149




= 1 3TINAIHIS JLVY AVANTIV 09v00 E

g(ctetetttrt ettt ettt ttetetetetetetetetetetey 0srYoUL
= Z3INAFHIS FLVY ANINIIM 0vpo0
T AT ANAN R RN RERE BN R B B Al AT A AT AL Ar A A AF AL AT 4TS BN (1 2V
= Z3TNAIHIS IIVY AVANIIM 02990

237 INA4HOS OIvY9U

Py vy 00 v90

aaae syt A

$1SOILYY dVOT 1Hvd (INd  CQ6f£9U
(6CIE=TIVOIHLOT 1G9 =154 2 I=XVN 20 =NIN) HITIIHO ONILVYOOHdI D3 08E€90
tOILVYH SAYOT LHvd OLfF9U

150

FREXENENE 09£90

P

$SHALINVHYd TV ]103dS (N3 0SE9C

t1° = HSYT4H 00€£90

v me ot

$£€°01 = 41LVHS Oteou

TP

3 $v6C® = 4aNTOL OCEQ0
3 £°062¢ 1 = g713NndH LlE9L

$SHALINVHYD TVIIIAS DOEQD




P

¢ GO*® = 1500 LINM *zip € = LINN AOHIND

FPTISYER L

sAL1014103713
11500 AOHINI

toy41dwvavd IS0 1IAI 4417 GNd

PRRNRRENR

s v
3 ( 0
‘L = p¢ 0L LI*OY

£ 336 0t NHHL

nAvQVO v.m.,’m\.om..mo*..omlhm’

speytptrtetetetetete’

e hrmam o iy Yt A WO o =T B T

L} 61 = 1sS0D HOEVT LINA
t 174 = 3417 1odrodd
1sY31INVHYd LSOO 3TO0AD ERI

$31N03HOS UN3

p¢ 01 LU)=H3LVM LOH W EMEEL

LO 0L v¢
- [1 0L LU)=HdLvM LUH AVaX33M
NAC Q0 WGHA NO Z31U3HOS 31vH

m.m.m.m.m.m.m.e.e.w.v.v.q.vv

= 137003HOS FLvH NINIAIM

m.M.OMOM\,OM\. om .F,OQOVOQOVOQD q. vv

0g99ou

02990
01996
00990
06500
08690
oLa9u
(09G90
069490
0rG69o0
0gEG9V
02690
ulgeC
0C 600
06y90
CRYS0

0LYoUL

151



- BRI v iy e

T NN ST s

ERRPRENNER

¢ £eL

NN ERREN

= LSOO LINN

H3ilod

$1S00 ININGINO3 TVNLIV

$1S500 AOHIN3 wim

= NOILVTANI

= JOHVHD aNVWIQ

= (JVOT XV3d WANINIW
JOHVHD ATHINOW WANWINIW
40IJV4 NOIIVIVOSI L1S0D
ouul = LINN AOM3INA

1aNd 4371108

= NOILVTANI

U = JOYYHD (NYW3Q

= (V07T JV3d WNNINIW
JOUVHO A'THINUW WNWINIW

01OV NOIIVIVOSI LS0)

00890
06190
08L90
UL Lou
GO Lo()
070U
(A FAMN
(LAY
0190
LI/9L
00 L90
0699U
08900
01000V
00000
UGoouU

0v200

152




Nandishanc, o B ety — e TR

‘0 = STTHYWNSNOD OL 690
**006 = 1S0J "INVHYIAO HONIW 09690
‘T oGt = TNVHYIAO HONIN OL SHNOH 06690
*to08L = LS00 TINVHUIAO HOCYW Up69U
*°0000S = TNVHYIAO HOCYN 0L SHNOH 0€606G
* 0000 = 1500 ZA%V
Covp i = 37IS 01690
3 HATITHO ONILYO0OHdIOHY 0 690
£ ° 000001 = J4IT 0680 )
**0 = JONVNIINIVN 08:OU m
*°0 = SITHYWNSNOD OL8B9O
‘0 = IS0 HIVHY4AO HONIW 0989L
** 00061 = TINVHYIAO HONIW 01 SHPOH 06800
**0 = 1S0J TNVHULAO HOrvw Opsou
**0000US = TIAVHYEAO HOCVN 01 SHNOH 0£8OO
10° = 1LS0J UCHoU
‘ruoel = 371Is 01400




ARBNRRBEN ov1LO
FENRRRPNE 0€1L0
$INVId GNd 021L0

$SHILINVYVD LSOOI YIHIO NI O11L0

t°0 = QOIH4d 00 1LO
‘0 = 1S0J W3LSAS NVd J]1Q0IH3d 060LO
t°0 = JONVNIINIVN WILSAS NV4 TIVANNY O8OLU
t£°0 = 1S0D TIVLIMVYD W3LSAS NVH 0L0LO
$£°0 = Q0Iydd 090L0
‘0 = SIS0D ONIATING J2I1QOIH3d CSULO v
£°0 = HONVYNILNIVW ONIQTING TYNONNY OvOLU h
t°0 = 1S00 TTVLidvD ONIQTINg CFOLO

3SHILANYHYd 150D HIHLO 0COLOU

YITIYYYN Y 010L0
381503 INJWdINO3 1¥YNIJV (N3 00ULU

000001 = 3417 06690

Y] = JONVNILNIVW 0869




16°1 = TJ0SAXYW O1€LO
$1 = TOHOXVW QUELO
121 = HOWINNYH 062.0

$1=L0SH UBCLO

t1= YYANLH C12L0

t 1= MHSAXYW 092.¢

t1= MHHOXVWN 0GZ2L0

t1 = AWLNNY OvlLU
sSHIIINVHYA Tv]IIAdS 0€2L0

PY YT TR S UécLu

155

INOILIOFTIS INIWAINDI CNJ 0OI1Z2L0

t°0vv 4ZIS 40 H3TTIHO ONILVOOUdIOHY | 0oc LY
tToocl 4218 40 y31ro8 | 061LO
£°000L1 4ZIS 40 ANVI H9VHOLS 700 | 0B 1ILU

¢NOILO3T3S IN3IWdIND3 0L 1710
$ £°¢*1 WILISAS ONIAHIS 09140

" NOILVHHdO d4NOH 21 43 TIIHD JOVHOLS 0100« 2 INVId 06120




npase:

t(u

- ¢ 0L LL)

= 4'INA4HOS ONIOHVHO JNVLI LOH ONAX3Im

$(0 = v¢ O 00)= HTNUIHOS ONIOYVHO MNNVLI LOH AVAN33M

FERRRERERY

$37NAIHOS

$OFLVY S(GvOT 1HVd N3

(61t "=TVOTHIOF IR GO =154 6 2" I=XYW 20 =NIW) HITIIHD ONILVDOHdI D3H

IR ET F VT

tOILVY SAVOT 1LHvVd

$SHILIWVYVD TYII3IdS (N3
$1° = HSVTAH

$£€°01 = dglViaS

tv6l® = J3ntol
t°uGect = g713N4H
t21 = 14SD

8¢ = YVYIANLD

$1°0 = OVMINID

=
.
-
-
"

VVYNINILD

08bLU
oLvLO
0or/ U
Qs vL0
Grviu
OevLO
A TRY
0LvL0
0t
06% L0
0gfLU
OLELO
uet/ L
06t Lo
OveELu
0ee /0

(WANAV)

156




B R Ll h i iabmii S RS

LN AR A St Y Sl Tk 2 2t Yl 2l 20 Ak S 2k 2t 2d A AL A% AL A% A% 3
= 13TMAIHOS 3IVH AVANTHM

gttt rt ittt tetetetetetetetetetetay
= ¢4 INA4HOS ALVY ONINHHM

(gt Lttt Ittt b tetetetetetetetetetet
= ¢34WIASHIS ALVY AVGN3aM

fCECEt et It 1totot0t0t0t0t0t0t 0000 L LIt Lttt
= 4INAaHOS HATTIHO ANAIFam

sttt ttotototototototototot oot L L Lt LIt D
= 47NQ3HIS HITIIHD AVAX 24w

N I e I B PR VRV R o R RV A R VR VA o R (R R R Il R R R R B
= 4 INU4HOS ONIOUYHO MNVL JT0D aNIN:HIM

tCIt 1ttt tutototototototototototot Lttt
= FI03HIS UNTOHVHI INVL (FI0J AVaOX3IIN

SNV OO0 MHHL NYEC 00 WONS NO ONIOHYHD JMNVI JOH

t(1 - v OL VU) TINEAOS 4371109 ONINIIm

FINCIHOS HIATIUH AvANIIY

t(l - v2 0L 00)

06910

0p9L L
0£9L0
oLu
0910
wWolu
066L0
OBGLU
QLG LO
09GLu
06910
urGSLy
0€6L0
02sl0
1610
(06,0

0at/10

157




et e g .

L

311500 AOHIND OcRLU
1SHALANYHVYd 1S0D ATTOAD 4A41°T (ONd LU sLU

] 61 = 1S0OD HOYYT LINN 06LLO
' Ge = 3417 JO4rodd Uslic

- A oo T e S——

1SHIIIWVHYd 1S0D JFTIOAD FHIT OLLLO

RERRRRRRR 09120
$37NO3HIS AN3 06G/1 0

2 0 = vZ OL VU)=HILVM LOH ON3NI4AM ORLLOU

T T Sy

$( U~ L0 0L ve oer/Lc

158

L= vc OL L1°UP = L1 OL LO)=HH4IYM LOH AV@IFdM 0CLLO

td:s O NUHI NNC 1O WOHA NO ONIOYYHD JINVI 470D otz ¢

LAVH 1E NYHL LOO 10 WOHY NO 4471104 O0LLL

$43S O£ NYHL NNr 10 WO¥4 NO H3TIIHD 069120

$d1S 0L NHHL NNC TV WOHA NO €3IN0SHOS 41V 089LU
trtrtett tetetetetetetetetetetecetetririrtrtrtrte) 01900

= 12 NA4HOS FLVYH ANINFIM Co9Lu




XRNRBRRENE

¢ £G9°, = 1Sud LIND

XrREXNRREY

1671

]

‘0

¢ w4U® = LS00 ILINN

$1S0D AOHINT ON3T

= NOILVTANI

= JOHVYHO (NVWHA

= GVOT Jdv3d WANRINTW
JOHVHO ATTHINOW WNWINIY
HOIOVd NOEBIVIVIS3 1S0)
(V[V] 3] = LINN AOH3INZ

NS {3104

= NOILVTANI

U = 3OHVHD (ANVWIC

= (QVOT AVdd WARINIW
JOUVHO ATHINOW WAWINIW
HOJIOV4 NOLILVIVOST 1S0D
iy € = LINT A9HANT

sALIDIHLDATT

06¢10
ug sLuU
0L6LG
V96U
0GALO
Lv6lu
0E6L0O
0ZaALu
0l6L0
w6l
068L0
U8 L0
OLsL0
Uog/ U
0GRl
Ory/7 0

0grLO

159




o - e

pd 0. 9101
‘rousL

¢ *OLLLY
* 0000 ¥

ttupp il

t°0U0LU I
‘.0

-

“.0
**0LoGI
‘o0

** 0V00S
‘10

trouet

TNYHHIAO HONIW OL SHNOH

= 1S0D TINVYHYIAO HOCYW

INVHYE3AO HOrvw 0L SHNOKW
= 1500
= J7IS

H3TITHO ONILVOOHdID3Y
= J4I7

= JONVNIINIVW
= SITAVWASNOD
= JS0D TINVHHIAO HONIW

TAVHYIAO HONIW OL SHNOH

= 1S0J "INVHYIAO HOCYw
TNVHYIAO HOCYN OL SHNOH

= 1500
= 371S
d4a7 1104

11500 INIWAINOI TVYNILIV

00180

06 180
Crvigo
0t 180
02 1H50
01180
00 180
06080
0R0RO
0L080
0O0R0
06080
0v080
Q€080
0Z2C80
o l1ogo

00080

160




 RRREBREER

¢ INVId (N3
$SHILINVHUVYD LSOO HIHLO (N3

$£°0 = (QOI¥3d
) = 1S0D0 WILSAS NV4 JICOIH3d
$°0 = JONYNILINIVW W3ISAS NV TVANNY

$£°0 1S0O3 TYILIdVD WALSAS NV
t°0 = Q0TI H3d

..Av

SLS0J ONIUTING J1A0IH3d

t°0 = JONVNALNIVW ONIQTING TIVANNY
t°4gols = 1S0D TV1IdYD ONIQTINng
$SUALANVYVd 1S0D Y¥HHIO

$1S00 INAWAINO3 “IVYNIOV (N3

¢ ° 000001 = 3411

‘o = JONVNAINIVNW

‘v = SITHYWNSNOD

*rL0Y = LS00 TNVHYIAU HONIW

OEE 80
02¢£80
0OIE80
OV ERO
06280
08280
ULEH0
09¢80
04280
61 274 2{4)
VI g °1V)
02<Rr0
Ul¢c8o
00280
06 18U
0R 180

UL I%U

161




e e

XRRREXEEY

1°02¢L

$eo0cl

4215 du
3z1s 4o

v ——

tp2 = HOWINNY

t 1= LASH

$1= HVINJH

$ 1= MHSOXVHW

${= MHHIXVW

t 1= ENINAY
tSHILANYHYd TV I03dS

tNOT1D313S ININAINO3 CON3

HIT1THO ONILYOOHA1D4H |

yaiiog 1

$000 (1t 4ZIS 40 XNYL FOVHOLS alod |

tNOTIDHTHS INIWGINOI

£l WALSAS ONIAMAS

w  NOTLVY3AO dHNOH vE ¥ATIIHD JOVHOIS 700w € LINVIA

PEESRYER S

FETI TR 9

00 SRO

06140

08 v80

0L ¥80

QovBO

0c 80

ovv80

0¢ v80

0Zv8O

0

§4:°19)

00 ¢80

(WX 320Y

08y 80

uLEsY

oog8|n

UG U

G

vER0

162




XARERNE RN

4Inad4HoSs

$COILYH UYOT 1HYd (N4

(61t "= [VOIHLOT I GO =S ¢ I=XVNW * 20 =NIW) HITTIHD ONTLVIOHAI D3AH

1011LVH SOV LAvd

XRRPREFEE

tSHALANVHYd TV ID3dS (ONid

1£°0

tvec”

Vi T44

"

"

= HSVT4Y

= HLVHS
= 43nJolL
= #713Nd4H

= HVYINLO
OVANNLD
VY NANLO

TISUX VW

TOHIXYRN

0Loegu
09940
UG9HU
ovoro
CEoBL
029R0
01980
09RO
06680
05680
0/680
006
UGs HU
OpGRO
UELRU
2GR0

OIGRLU

163

- —

.-

. —————




A AR A T Sl Sl Sl TSRl Al R N A RN MRS M A AL A A 2
= 13 MQIHOS FLVY AVOITIM

t(gretet ittt ittt ittt tetetetetetetetetetet
= 23 INOFHIS 3Lvd ANIAFIM

t(eretet ittt ettt teretetetetetetetetet
= Z3MI3AHOS LYY AVANIIw

t(l - vZ 01 00) 3 INAAHIS HATITHD (NAN3-dw

t(l - vZ UL W) FINAIHIS HITTIHD AVAXTFIM

]

AR A A A A A AN R A A A R A AN N R R RN R R
= FINAFHIS ONILYYHD JINVL (7TUD UNINIIM

YO RN AN RS RN RN R R RN A A A0 A Bl B RN AN RN RN R b
= JTINATHIS ONTOUVHD ANVI (0D AVANTAM
NV UV HHHL NVE OU nwOdd NO ONTOHVHD JNYI 1O0H
t(l = vZ UL 00)= FINCHHIS HFTTIUH CGNINIIM
$(1 = p¢ LL LL)= AINAHHOS YITIOY AVANTaM
t(U = pc QL w)= AINUAHIS ONTOHVYHD JINVI LOH (ONIX33NM

$(0 = ve QY COY= HIIDUHHIS ONTOHVHD ANV LOH Avd)N33w

OvBRO

0£H8 0
0¢esr0
01880
00 BHGC
06180
0&L 80
01.1 80
U9/ B0
0%/ 80
UYL 60
0f 120
UCLRU
01280
0uLBU

V60%0

(=080

164




R e S e e e s —

4
P

$1S0D AOHINA C10A0

NERRNRRNY 0060
tSHILAWYHYd 1500 FT0AT 3411 ONI 06680

s 61 = 1S0J HOHVT LINN 08680

' 1514 = 3417 133rodd 01680

tSHALAWVHYd 1S00 A°10AD 44171 09660

FERERPEEY 06650
t3TINU4HOS (N3 Op6s0

¢ 0 - vZ 01l 00)=HALVM JUH ANINIIM 0O£6K0C

$( 0 - L0 OL ¢C Q2640

L = p2 OL LI°0OY = £ 01 LO)=HALVYM JOH AVAOXZIM OQL6RC

td3S CE NHHL NNC 10 WOHD NO ONIOHVHD JNVLI (10D wuAsU

LAV 1E NHHL 120 (0 WOHA NO HITI0H Ce8HO

td4S 0 NYHL NNC 10 WOHE NO HATTIHD UsBsU

$43S 0 NHHL NAC 10 WOHH NO 2HINAFHOS JLVH 0880

NS 2k A T T N A 2 2 T e e S S A S 28 2% 2% A% A A2 BN Vo4V Y

= [47IMFHDS JIVH GHINAIM 06ee0 ]




ERRRRERRNY

1G6°L

* £G9°L = 1S00 LIND ¢

REXEREN R

19°L

¢ 6G0O° = 1S0J LINN

$1S0D A9Y3IN3 (N3T

= NOILVTANI

= JOHVHO ANVYWHd

= (VOT AVId WOWINIW

A9HVHD ATHINOW WNWINIW

d0JOV4 NOILVIVOSE 1500

00 Ul

LINN AOHANT
71dNd 437104

= NOILVIANI

0 = J9UVHD UNYNW3QA

= QVOT Jvdd WNWINIK

JOHVHD ATHINOW WNWINIW

HOLOV4 NOILIVTI¥OS3 1500

vt

LINN AOHINT

tALIDIHLOATS

08160

oL 160
09 16V
05160
Cr lou
0€ 160
e tov
01160
0U 16v
00060
ug06U
01060
GoU60
0G060
0OvUK0
0t 060

0cu6v

166




**000s| = INVHYIIAO HONIW 0L SHNOH 0GESOD
* TuLLY = 1500 TINYHHHAU HOCYW OpE60
* T LLL0S = INVHYYAO HULYW 01 SHNOH O€L 60
**uLUCC = LS0) UCEBUL
‘tuel = 3715 01€60
J H3TIITHO ONILVOOHdIOHY 0UE60
£* 000001 = 3417 06260
**0 = JONVYNALNIVI Owuc6L
‘tto = SITHVYANNSNOD 0L260
‘U = LS00 THIVHH3IAU HONIW 09¢6UL
‘000Gt = “INIVEHIAOQ HONIW OL SHNOH 06260
‘0 = 1S0J TVHHIAU HOCVN Grcou
**0000G = TTAVHYIAOQ HOCYN O1 SHNUH 0O£260 1
‘1ot = 1500 Lcau
‘002l = J7IS 01ea0
J y¥r1o4 weae :

1500 INIWAINDI TVARIOVY 06 166




"

TR

m m e e ———— - e epger e e =

‘o
LIV
£°0
1°0
‘o0
$°0

£ 00694

FYTTE YY"

$INVId (N3

$SHALINWVHYd 1S00 HIHLO (N3

= (Jul¥3ad

= 1S02 WALSAS NV J100IH3A

= JONVNAINIVW WALSAS NVd TTVANNV
150D TIVLIdvD W3LSAS NvA

= (uI*+3d

S1S0J ONIUTIING JId0Iddd
= JONVNILNIVN ONICTING TTVANNY
= 1500 IvL1IdvD ONIatIng

1SHALIWVYYHVL LSOO HIHLO

$J.500 INIWHINOI 1VNLIIV ON3

t * 00000 | = 3411

OOC

JONVNILNTVYNW

0

SITHYWNSNOD

't okt = LSOO TIMNVHYAAO HOMNIW

0¢ 660
01660
OLs6U
0660
Osv60
Gl ¥60
09va0
06 60
Oorvel
CEv6e0
02 v60
otpan
QO Y60
06560
OREAO
0/¢60

neesn

168




il 2

il

tINdNI ONT Opcel

tNOTLdIH0S3U INV'Id TVHLINGD (INd OF 460

169




APPENDIX C

BLAST OUTPUT REPORTS FOR
BUILDING 20040
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APPENDIX E

UNSTEADY-STATE HEAT GAIN BY
COLD STORAGE TANKS
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The purpose of this appendix is to examine the amount of temp-
erature rise in a chilled-water storage tank. The equations and cal-
culations in the appendix are based on an article by J. D. Paciotti in

the June 2, 1980 edition of Chemical Engineering. The article was titled

“Unsteady State Heat Loss from Storage Tanks," and was intended as a
decision aid in determining the amount of heating or insulation needed
for storage tanks (20:104).

The unsteady state heat flow balance for a storage tank, assuming
that U, and Cpo are constant over the temperature range in question, can

be represented as:

mCpo T/t+ t - mCpo T/t = 0-UgAg (T-Ta)A(‘lr)
where
T, = temperature of outside air, OF
To = tank fluid temperature at time 0, OF
T = tank fluid temperature at time t, OF
Up = overall heat-transfer coefficient based on T,, BTU/ft2 Hr OF
A, = tank surface area upon which Ug is based, ft2
m = mass of the fluid in the tank, 1b

Cpo = heat capacity of the fluid at Tq, BTU/1b OF
Energy accumulation in time t = energy in - energy out
Letting At-»0, and rearranging, eq (1)

becomes
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- m Cpo dT = dt (2)
Uo Ao T-Ta

Integrating equation two yields:

=m Cpo a1 dt (3)
Uo Ao T,
T o]

0

the result is the time/temperature relationship

for a storage tank:
-mCpp In/ T-Ta) =1t (4)

taking the inverse logp of equation 4 and rearranging
terms yields:
(Yato)
-t meo

The storage tanks for the simulations on Building 20040 and 20050
are assumed to be insulated cylindrical tanks constructed of concrete with
an R = 20. The tanks have an aspect ratio (height/diameter) of two and
are buried below the ground. Ground temperatures represent T3. The
cooling capacity of the tanks are based on entering chilled water temp-
erature of 440F and return water temperature from air-handlers of 560F.

A conversion value of 62.42 pounds of water at 609F/cubic foot was

used to calculate the relationships between cooling capacity, volume, and

tank area as follows:

i
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Q=m Cpo AT
m=
] Cpo AT

Volume of the cylinder with aspect ratio of two is calculated:

h = 2 therefore
d

=

= 4r

] V = 4rrd

r= 3/ V/4n

3 /m/62.42
4n

-
n

Area of the cylinder is calculated using:
A= 10 mrl

] Table 16 is developed using the equations and values presented

above and the cooling capacities required by the simulations. The value

of (T) is calculated assuming a value of t = 12 hours.




TABLE 16

THERMODYNAMIC VALUES FOR SIMULATED STORAGE TANKS

~Building 20040

Building 20050

Alt 1 Alt 2 Alt 1 Alt 2
Cooling capacity (KBTU's) 6000 4000 10000 = 6500
Ta (Ground temp) (OF) 63 63 63 63
To (OF) 44 a4 44 44
Uo (BTU/Ft2HrOF) .05 .05 .05 .05
T (OF) 44,053 44.060 44,045 44,052
Ag (th) 2326.77 1775.64 3271.08 2454.46
m (1b) 500,000 333,333 833,333 541,667
Cpo (BTU/TbOF) 1.0 1.0 1.0 1.0
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